Ge gala D agua 


Loge — le date 


she 


sava QU 5 get san gui ai 


397 
405 


re ER 
gi) all 


: SL 
dos 2 Q# 5e di Qi 6 Le G Ale + Quad guabe 
GBA pad Q 5382 SL NI GLañle 
sai (da G osS SU 
ati 9 LUI Lè y Di lis 
2 JU A 6 


ge Xl quil 

+ Say 

go oi SA les Las AL : at, guy 

cu 2, ai LS Jun lie à pu glaalent gs Goût 
sil gli DA A ace pol see pue T5 à Lg dote 
gl he Yi QE à Je 8 y 4h à AN A GES à get 35 
god ab die Je GS : ja ts 
re EN A GNT AN Le + gs dis 
AU 0448 cel pole GE Qi Eau LI à ques deb 9 Gi ot 
Lol il ge Gus ob oi à qua vale 
réble pe  ale DA LS à gas al 
+ SSI 39 5 jui ONU 
0 Ole ye 

+ ton pull 5 sgtitl Sly | Said 
sal 14 ÿ ds sat 
1 g LES cé y dt Clio 
Ju Al 


d937l 


RS ul Ball SUN SIL glatl à DL pt Lip Gta Al al 
gas = 5 AU Ge © pl 3e GAS eue 2990! 


de Lule je alt aball EI aigue ne ON 55 Jelutl » tt 


Lol Lai Les sganll — ie Lule Gulf vy das x 72 ua 
Ball SUV I 2 plis ol Lun 6 olalt US (alu 
LS — out Li Spell pee SU fs gas 
due = a Label Dlignu plu dat 
LS gl Saxcll SUN I — 5)0 ja Lule jus déaall de 
gas AU Gt Ep Se GAS cqu 331351 
Banc SLA ul jun Us 


# A Ro ganll — Ge Lule dust pe Di2 pd Lun 
Li out Qi gel piles ages iful 55 oi dis stay 
a USSR GUN self dsl pu 
LS ya) se CUS Da Rule Gym dits 
Li = plait ob s pool Joli scÿ| Ggs 
GsboY LUI - ©5015 Lule Ds nu Fr 
Loge Le al opel = cle ue se pu ON due 
Qt pl sb 2 LES Loge d poli LaslS| le dau 
LRO ET SVNRTESE EVER CRE EE 
tn ul quix 457 Dis 
LS gl all SUV SI 535 dute dis done 
x io pes ue : ed) Geot que Sub puis 
à bel nslSYi pe Du den 
Robsyl LU 23 GI. due ji ya per 


FEES 
dll 


un JS es gi AI SAT see ce TRY] pal 6 de jus 
3 QI JU 2 sf du JS ce cie Just eus (SI et ga à) 
+ ge Bale — pif palall SIN ga 

olgslt Qi GohbYi 552ÿls SLI SUIANL LT CII GS ss 
pt Gus pepe LS UN Sala pole ce slllt HI Deus + aus 
EMA ESTE E TT] 


PAPE EN 

CYAVA 4 AVV ) GE sf Jo adei 
Sylla VRsssgd Ve & ddl gstall JU 
LS gel ©l9Y ss Ve Up 59 £ 2 dal nl 

RASE 
RS ol ss Ve 2 Jeudi gs Je 
RPIFPEL CPI tt nd se 

LS its 10 


ES gl Dis NV Ua lus à sal Cl 
ue tube tele geo qgetall af al 2 pb pb 52e GS 


EE 


Qi it Get Ge » Dh JUS el 6, J3Ÿ 5 pair 
A SR Gel Ge bol dei all 225: Disés ce 
MES CT) Hi cé 
ge sg Vault à 1, 8 alt Li Gb Li ge Ja ddls 
+ Lai Qèns gas Lee de ode Ali 
ré sons Jus cos à de 83 cej dé ge Gaels V4 : 6 
65e ge lai elabl 55 Ÿ y de du of 
15 dé) oi ce Oimol Go AN due 5 DES 3 45) 
Li ET ges o is (Es die Jéë US à Yi Joe Gil ue 
Lone àp Gelly laelil das à. Gmadily rt 
+014, ci SU A AUS AU ee Je je je LS 573 LT 
L 25 lle sl ie, US CS Les Cid ge 296 at ot 
2e le — A US e 
EN sue AV = Sy g dub ab Ni GLEN pe al dial 
2: -M. Meyerhof, The Modico-Philosophical Controversy between Ton Butlan of Baghdad and fn 


Ridwan 9f° Cairo. Egyptian University - Faculty of Arts Publication No. 18, (Cniro 1947) 
pp. 41-49, 


LA] 


als ou 447 


- AN ose OS GS im — 
. él Ji Clib Gel G As — 
+ané La jt QE Ai Las à Bol Le GA — 

ES bas. 0 Joë Dies) pi Lol, à Glll cj OU I Gas 156 
Lee El à pole GUN, Cu de ja lis Les Ji SN 

a gb qd pli se Cp Vr£E Ja En ple dsl) ge oll Vs gel 150 
pe as op AS Ja pva ple dl, ef Ji bebe à Godi Ge dy ül 
ele )pheiv/ a Er (ansel gl ol) tent / a ter 
class a Ji Le Gone at de vie ds 

ge dés ol pa de +54 can A5 Ole Le JUN G Aés 
diga US 4 ES ee dd ph Gosse à cal gi gl ll 
De cbièle le is dj ait à 

es Sbbe le Go ndls lei «alé se pla Vi a be of 4 Y, 
pe LT) SL dau QU GR a du tt dl ot àf pus 
OU Ces TS MES 63 à Ça Je Lu Les 4 2 A 5 

Dogh ge Li Re es CS Ge pli OÙ eu à gt» DS 
#6 ES à At ll pe Le Lee dé Ÿ pt Gb odes à Ji 2eb 
ee UN Us ALI gt AN cé 55 à NI ae 

W hdi Je Qu à Jaés 5 KA eds AS 35 54 0 Gi » Ale 
: Gun on (di abs (si) 

FH ue OU. sa db: 965 5 lil D all CR ls QG Gt, SOS de = v 

cCen: po)dss 


BAT of sus us VAVe = Du = Dpdl — dael Gi le # 


vtr 


446 sl Qi ut Si ÿ de 

ads di Es AI QE QG Lee Li Sb Le sé OÙ LI À 
core se 

ide So di es OÙ gl GS HA paës OÙ Us — + 
+ tds db; Ji 

Ji ais Que à à Vas ge Ÿ Ci ce del qd of dt 6 
2 bal ce ps ce ail cu ce 

à es Die jé de eos puë CN à GE à Glée Goal LA 4 Es 
ee Ÿ db pl let ps. La gi du Qui ele ce 436 dés 
Qi gl à QC (ee Ge JS qe 

gr  AUU die ps BU je EI QU des ol hf 
+ el ge ge (AA de gi 

de ce AN AU ET osdle J6 à J325 cle die pags ns 
La A dé GS A gts OÙ Las à sd 

pos ss oh 8 din als dhaie JR Des ta on 5 Kills 
8 jus « OELU alle dt SN els, All Ja ja Qi of de 5 ge 
Jr ue JE GR EC as db; JS gi ) ali Gé ll d6 ets ès Al 
- 35 pulls 

Ge Ge dl ge Qi ge JE 5 On Hell salt de 4Û EI sus 
des Qu Gus Ÿ QI Es . 8 pu pas di LS CS cg ge een V 
eu dseTs se Slyés gen dl tas . 84 Nils JU ST 


dis PR JS CE 55 dt e Glen de Gûlss, ol Jess 


vY 


à ou 445 
CS ju 312 Mi le Los. Os Lië Vi pe ji aa Y 
OS) end él ce JS 5 ù de (be de 6 AE JS 


FR Ge Les dy li LRU OÙ à Gtp Gus Au 05 
és ge La dis JS aie Ga Vas LC a 


2 Se VDS — 5 ei Gb LE. La QE LS dos pt 
- él ds jui — gi ose DS — LA DS in =“ al 
MONET EE EE) 


v£ 


à Olgl En Les li Qi Cite G ll dj dl ce ge Un 


Läles  — di Qt 
LE sg — gi Qu 
.#lil Mobib Gel — Ji oui 


dy Sul 
LA CS 


be als gi dial ot OS GE 4 : dés à de O5 

de Jabst ge 52e Qi be ui à Li al Qi is este dis dell 

oies bla Le A Ya mé Us à \ gt gi & Balj à 

2e « Jait ei eu edit Le 66 ul Ge GYila els ge Le 

pelle 01 Lau dl Buse, LS GG ll pa ils à So! ge péilb 

à dl Jess Qué Does à de Lies à IS cab 6 Lila üb L 
ee e>s 


Dose 53 A5 gl, by Job A5 Las J5 0 ds 
Elise RôL y de ll Abe € 451 2 4 el 5 55 dj allée 
2 és li Et QG ab 6e 


at by ns le JE" Qui at lé Las QU # LUS dû US Les 
Eee 

wall eus pres Eddie dés Guns pire pe dis ds Galien - v 
SO ge A de EN 4. OU LU ST Ge es pti A çle da dl 


vs 


Al oLL 443 

De Des ce pas à ON QUES ps dl : Aloe jé GG 
Sr die, « Qui Be Qué USE du NI US pig OS ls. Ee 
PTE Liël LT de C5, 0! du aus s à Li ,4) DUSYI b iS 0 quû 
Die SN Ci au db; Jens à Saldi Sfie de Bb Gel as Le 
ÿ utis so G Ys usts cisbdliaia cle de aoé (Of) a élit 
etre Lola AL ao SG LL péèrs € LIN CS Li à à elle 

La 53 + Ge SN dj Cdi &le Que Re dl Eli La Jet 
DO! Was à bel and Je se Vi 55 Le Wu (es, Late dj Lil 
ON Be hes ques Gus EAU ge in le pae DS je 323 à ol due 
à OA gl eut nd 45 59 à OUI Le Qÿ &e duel oi lis 4e pi 

sata ca dell lé ous 

als Oh pos big CS Ga peé HOb Le aé di Li — 
corse dl gpl 

Jai eye LS oil dl 01 pleut GSUI Hi pau di Us — 
- Get col dde 4j jte 5e a OU; 

Li Uleel je ge De Lu GR d deb be Qi &be dÙ, 
Sy Jaé Ul dbeb be JS 01 : aebll du Li es li cu LT 
. & 4 Wei 


3kes « RU Luis jus 
D 53 pé ak o DIS Gif ec Qi äbel hell : 3ü 

ce ail 4 Da LE lei sis dl ds. 45 I del aus Ji 
el, Lg els Li is QI Si die 053 359. Wal ce le Qi 
big Sly à Desdle ge ei deb li . Lx kids Cou ,é 


des die Of Ga 0 ee 5 C2 à EU Je a À 


vi 


Y+ 


Yo 


A) 


442 it Ji Ut SL 4 de 


our 4,5 Gal di SEA ce 4er 41253 cg à be Les pe di 
Le Lips dd def bis ue due Gi de ee 
de go d'Jest gai ls dd gi oi cuis de 2e El À 
1: as. «es 
Ode pt ES 
de Le Jobs 
A agi ES 
NE qe Jyail DS 
EN ÉD & ji Lu DS à 
ANR OÙ 0 y bé OS à 
du JAN Lu OS 
35 Qi did JAI au OS 
SN 6 DAY SES 
Se OS gas ele DES 38 5 89UL 21 AN) 9e Qt 
SN u Al SES » 
SN SN pull QUS 
Shi dll Ds 
Gp ES 
cé is 
ANR que Led GES a 
Ji à pheMl Lis 
äLU Jui SES 


LA QE qi (ot ve dot ) Tome gl of dos 5288 LAN seu aùl — À 
à at 1 gta guron ils à LES 2 sé Re al La ST CATONTES 
So gs US Let e de ee 53 goes el Je ts DU 
53559 à pe SN el ris ge lS JS ile io 501 us s ads 


db ou 


LA 


Al oi 
EI A QE 
du Qi AS 

A Qu is 
SN 3 els as 4 ja ES à 

gi it SES 

td ES 

pa Qi 
OM O6 LE CES » 

ps is 

ab DL LI SES 

oh bis QE 

OAI pi GS 

ll OBS 

el Sis 

Dhs 

gelll is 

EN CS 
SM ON cel lab OUT à 
SN 2 OUI ab DES à 

SUN G Gi pli ts 

PAR PIRE CS 

Hi GLS D JAI AS 

M ed us JA US 

J= dE ss 
ALES 
DORE RES 
PESTE ER IE EEN 


— sl) Ba dons. able SU abs af s 34 a gi 


A dunes Lens SU ge La LI AN * (00 ve 


441 


VA 


440 su Ji bb SE GS de 
A ai hs as 
A à DE 
dE ob OS 
&l QES 
AL 8 is 
CPR ESS 
Li Je DES 
LPRRTEE ECS 
A SES « 
eu as 
Eu is 
LA Jai sel US 
US dns, es ed 


uieb ah Les Ces p 55 D Res LE 2 us : e dû 

ét nl Sgle opus € 03h 51,2 Lu à gs Oo dl 

Si je à SA ES À 4 Hi ts fi Los Si DS sde 
ca se Es ol 2 01 Gas Us 5 ge il 


EN TEE GLS ab DES Lu fs 6 Sladi LES ce à 3 
gd bi 


ab DS ol à fus! 82 : Li obuol is GE 3 
AË DES y 6 Vyadl Qt ja bé, 55 Le &l,àl Jia é GUN 
ou Les Doll QUS Gel,& eds ball sis le CS Ce i 5ù ä di 
«dei ay be de 
A ue jlae ét 2 DS il pslells : Empiriques — 1 
V4 li Je Syues Gi — Dogmatistes Lai bel 


EAS tn A4 QE Gi Je due jf Mélodie JA vloels 
LU ut Bye QE ge Don LS ga — apte ls. Thessalus le 


439 


gti oui 
COOL 
«or Al EL : ul lis (ous 0! dis 
9! els di ati Ji ds os al 3,88 qu DIS je) Gül à : 16 
De ii NU Rs à 455 el Ji is EN de 5 4 qua ce 
gpl la etls oi el Gi ble opus G48 ga ll Cod 
Gb le O1 Qi à gl ut UN OS ge JS AU à oi à cri gd 
+ Ma by Ji ENS sé ele y du Etat es Gé 1 pr 0 peu 


858 paul à des Les Goal de je Mille selle 
de dl de 0,95 olel la né Go à nd gli 5e DV GA GG O0 slt 
«cell Go Ua Leg I Leg cale DU eds 6 . 3 A qu pe ds 61 CD age 
g dl G JB Li CS As sde pa,S3 elbl 0 SU de Vis 
: db ça pen. Lial Juil CS D LAN cabett A : ygtl dau 3j 
ets us el 5, JW Ge puis eds LIAI lgués LS sa par di 
pain Je 5 de à Lai Gel à Li Le ou LS gril pal 01 eds 
OU, 6 lolo LUE : Je test oi Lg : dsl Lôm 

LS pente cils a ble : alle e ADS UE à Li, 
Ds 4 AS big : DS ab DS Ge Si DU on à JB, 

. Di 5 ele My lag JS. ls LE Vls 6 à CD LUE Logutont 


tot dl : JB, . 48 je pi pôle de le es : je Ji 
eue bel G La oui dé test. Chi be d oyall ce oi La 
cpcétevel le ds ch vis AND Jus Rs 2 cèbs Liu La ons ir 


Ces rer rat) 3e die D et Lai Rs 14 
PATENTS MERS os — Ki Lo 


A 


Yo 


438 sui Ji ut 6,4 Sd 
53 gg el ai g L12 ol will, ll NL ce 58 
«ins Ont ollss OU ce be 4 08 bla o HA ü 
DLSNI ab ls pe A AU 0) 55 à Qu do ue bel d ai ds 
O9 AL Led Qi ge Gi AI Ds c Oued mali Be La g 
mél lbs un95 di el le cod GS Loi Lg ds 
d lss CALE 2, à Lie Dyedi ai Gi Ji Vita 
gr Jéils + poil Ji OS; dl à er sil 8 ON ill a LL 
ALI ge Lis Le Qi Ab eg au gs à ever GO ce 


ai Qi 463 dus + Gb QG Lai G'aut plès AS Lie en dis 
Ldt pit de D aile Sol ce Gb As os grs elle Le all 
à CD Guy 6 Las jles ae 4 OM Ji QU Cest 9 M elle 
CD ul Jal 4 Jus abel Vs Jos Las lt aus 3 AN ge d de 50 les 
dus 6 dé au ll; oi is Se pe Je si ti e 
ph Jet Las € pme dl gle dia alé LU à pee di les pds os 
LAN Tdi; ge il LE pl : die 5 28 dl |Sh pese ei ce 
. gs di ge Sails ll ju ge ls dl, Je 58 
pbs SE + ie ai de JS 6 be calmes à ss sl Las 
6 bnpuall LRU 3 94All MEL due ps à 8ogedll G LUE pus il Us 
DB ce Spa pe Gatf Gilles pés que Oorselle db 
Be re à Us. de JS és à 2 de Us : Lai de 4 lei 


ut — dt — 14 deb dt ÿ—1v 
FRERES 
QUE a 61 Bye des 2#8 31 JaiVis 55 ail ls cb 5 — Le 
cie — LYS re dit Ji ÿ—vr 


+ Jai &£ Ua 2) 
26 tes poge does el de Ge ps lens ve 
AC pe 8 verras ) arselles vel à ares use Lt Lots FA 


A 


Ali ou 437 


COL Re ue (as ea &ue Li Li, D LS es ds hi : ox 
en el el ie ps SU épi : COS Lol, 
1 Es, LENS GA Ge ee ce ii pelle Gil nel 
Lie LEN + 64 Ji CES, à ji ob pes 5e Wii al 
DE er al se el LB GNU Les LUS 5e Lsy pas di 
DA DS gone gt LRU sd à pis BU ji gai OS pe 
A os ni asso Les G ess ch Les 45, 
Jai Cl dl es jee 2935 + LL, au a AR pus 
Jr3 je Al &u AE 0 cas a 94 cb nd OO IE 
= pe gai Les ebadl ane je es la be doll Jai Clé 
Ag + anû ab je Las pics O4 (gl es di Gus; aèlb, 
M CO ss 8n je Vol DS Ci 1 Es, paul Cl GLEN CSS 
dés CRETE Sail ia Jai Ji JE € 2 pal RS ge Lglal 
OPEN A 


eg Ubu Sue Lis à 3 4é es se Uibi ss 5x ul 
+ Abe LS 4e es y pli éujelss Je, 


Qué GE Vs à dë eds agi ejac Ci La cl ds 
as 0 Qi de Gé 6 ad psgell as ui ex LIS2I Lei O1 Ji aude 
phil de als els pi GES da de Oë Gil by Las. dès 


pl Sal de pe du tb C2 — çv 

(pe rev er) QU JEUN SL 45. Bb NT = va 

AVI à ue able — AN 3 NT 4 — va 

dut sal GE pui al eus - pla Bus ce 5. ls ef Pytbagoee — re 
cCres tes gels )usbisg d ge. o a Gino 

us oil Late = vi 

Cos — ri Cnidos — +r Rodos — Ft 


AY 


436 Si Ji QU 5 hi 5 de 


sd Ge DS € bell bi à 45 CSS Ds All es au pi es. els 
di des ge Je Qi Ja ds ed ail up dei ds. di jé 
CD ge C5 à odéel Je Ge 58 ds € or sdle di #lgil 1 di des 
bill qe and 5 Leg Qu Gelée code à 2 NI BIS AM 289 SL NI 
de ail DybVt Lg CS s el ges 48 Gas à Lil CSI 
Fall AM ee fl I AU Le 5e Ke el A lee QI 
uses Li nè CS Qi inde 546 Ÿ SUIS DIS IL + ue US Les Cat (A 
us 6 53 il 29 GO eus DES Je We ei (SN (6 y 
Sn dr or pe RE OS 51. Gldlb die V és 4 qi Vase 
ge OÙ VI REY las à Les Le eu dos JS des 25h GI at 

ef es à OÙ pl OS y € 5 pli 2% OS 5 à Jyadl Dis 


is 36 de Lie Des 45 Us & ALAN jyfhie GLS 2 515 

cér st dd sde 0 : dsl Aaët ge sgall LRU je ds JT 
Qi pas omilail au Laes 43 El Leslie de à ai as ge 
Lo Dsl al j LR DR el LS (ie 455 est 363 de de 
oi USB L A este OÙ JM ANA (96 sé «13550 CN Çabu y 
Wan all de de 0 Lan CD De jio ele où (ji Cal, edit 
JS Jaè ds lie Qi Ge it bol pur Cahss e Legs age de 
ge Ji ob ji Gal De té js pal, Condlls 83 dame de ls 


DA s gl Je Je 0 . sde di ds ge je Los di olaall os Je és = ve 
gris on ls à de EN dpt die NS Li Ge dans à ji EN 
sde Lune Hé oué 0145 gs ge 5 JS des. te 2 dl, ol 

doi dis QUE RES Ds 2 al cles ds pobipèts al ss = va 
2 el SL CES 44, si ds Giles à A G Ale 

à Al 44 OÙ 93 Cinamomum Zeylanieum — FA ip tv 
2 eV ets A ESS — par ue 407 Eat — (cl 25 — SN à 
«(AVuwe-S Vs) 


AY 


lb LL 435 


A Cu 5 il il El 54 Bone ae SG Le Jui Cobol 
‘ SL ge Bt ae 4 2515 LL el oi + Sbpredl JL ge ail 6 mal 
dés DO de di aSI + CVS où curtdll Le Jai 19 
ME Vs GLEN ue LG esse) de ll dns Lab | x A; 
u#lil du (éue JUii cecle LUS 85 ll ed ce ge OS Le els à ge 
S yheb Sons Be OS L Je GUN 4 dés D A eye ES ON = 
sal de Smôl 4l Lui, Blu GU A CUS se cu à ge NU ge dla jet à 
US LOU Ce Jai de (ès Rd 

DS EN des 41 ED Doll DES G vendus : g— Ji 
ST bless : EU A G Joès A ils 2e d LME à 5 
Le 25 grid WI EU GG WA ee nl, LV Du A1 #1 gai 
SAMI Ab 5 ce Gps By le qu 

AA Le dote Qi ue, à pelle pole T5 sal : ge JG 
Des Lu el pd al il Sail li Ji Gus MSN) 364 Ge Sue 
dy. MSN pole lb he dis à 5 4 N qe qu lé à 
d'A Je à podles Gb pu Like dis à tbe ce ob 
A OL CG gta Le OLSVI be DES opus Ge si A 321 
DA geo Jar y à Li, ae Adi 5 D : 56 JG bla ge di 
Ces EU is Gus ST gel godl OS GUY Lei ei ele 
Lio 0 jé 6 ge gl üle Lis pole DS Gil &ttnb y 36, 
HS bh de AE, «ae és es déle Lg ED ÇA) CE 
Suéll be & ju di URLS 6 gb nul, UN ab GG LB ANS ca 
A dl se d EN 5 Gas oobe Lg OS il CAS N 36, Go 56 

chi-gi-s El rs 
ax EI Gr Almagest — +1 


AE 


\e 


434 au Ni Ut Sel G UE 
Du el parie Le he de Le ES gg 0! di Eu ses codes 
DE SERA 36 cos graelle de) de Le Ai Dsl 1514 € Ge Obs anes 
Ur pal Le ES 1514 à 2e D A6 des Ge qe D Gp ondes Hé du Le 
6 lp ALU D OÙ DIS 0 qui s EE es qgé 0998 Le ob Ma ga 
ae aie ob di Lie 365 5 © JA EG gé Lars 
mue QE grsdles à Re Ques Las le LE Ols Le Ogg ces 

. Le D pue Lulu le 6 En LA pue lobes Lo Le de Es 


gg LA OS OÙ &e Dons de GE Ge 051 EE : qe JB 
ete gi je çé 0,93 L DIS 1 EN, &e Ds tes Woyl Cmnb) Las d 
ess gel Ed du do 48 US Rp dl d5 me sde 
ns dE Vs kg 5 dos SA Got Jos comelle HS ce ebidel UN 
des JS Gus Le lbs (54e di de ae big Dus 6 ont on dl 
6 Spndl qols cébs Lu Le js à Ma 5, di SN ue Vas Loge 
éd 5 CEE à An y ul le Vs 5 Ab du des Cols Gas al 
«Le Dés Less Glen ls CH Liy5i Gus Lee Le 06 MSN 85 ous 
use Gus Le DS ete coadhs LS Qu NI SN pu 50 ce ec LS 
das Cu als Je elle ON sl, Ge Ole Le 4e qui 
CS 5 Qi Je ee Ds due jyle 459 ai ous je due mal on slt 
RL eV jla &e DID 03 Le Gad dé donnes 


di eh Ge LS cui à ee AU ds G LS Ji OM sy 
EN] 


del 5 gui pl jo à GS De bb dei — Jean lé Grammiien — #5 
ul jee EU SU pére LS AE gai 


Ai oLL 433 


SJ SLI 
Este Ji Cdt Ge 3 


Fée 6 d he 0! Se QU be à CL LS Le 4 : (je JG 
As bols GS s les Là CS Ji bb be Ÿ ds 
spl LEE Lee ji urtll Qèu JIS 19 CRI eds jar JEU 01 : dl 
Ji d'eRs hi OÙ Gui A3 ous Je Léll di Ji pt cri ces St 
s— péélel els, ile Bi get dt, di cas 
prélatl di ls 


vil OU éss © eds Le Ni AU Tu pod OU 5 
21 jé de à 0! je st Nil e 5 N a AA Js GS as 
ad ge ON SG Ale d onpesgl je Les. à lag de Ulé 
ordbyes JB, à 4 jus Vs A 2 45 01 el33 54 al Le LA 5e él 
ge of di Le: Jia MSA GS, . 5 Ab Gi Ge Ga 
AB 6 OL fa on 43 Te à td Ke del NU Cu jee y 
59 74 &iR Le pe d pes D as 6 A QI led dus 15 La Ch 51 
+ dde ë;s 


Val CHE 11 CL 52 à 6 LA GA à : Li, 0ü 

OA a LE LEA ge NS à Le NI dhédi ge a V3 à Le M oh 
sJrs deals sb 5 dise à à Neil à ft 5 
Ke D (Si, OU Le LG € All, Gui as (je OS di (xs de Les 
dis cl dl SN Jis «ass GAL I pesé Cle 1 nd sy 
4 Li Rs Lis dbes Zuali À ul Liés ge LE el. A 
d'Al Grsl : Rail li Lines JU 4 oeil Ci se Li,à dti 
pr Y di Le il Lil gi los ll ji le GA Le Loudi J ébedll 


A4 


st 


432 sut Ji QU 54 j dl 


ges ee dlns à leo! Le Le Le; dubs pee sou Ÿ Le pailisl à 
rail, Cail «sl ge Lee Ki, Lans eû Lans NI Jet Jo 
Dhsalls JA as Gp pes « rs Lage ps da à Log" a Gole 4 Dex St 
ps 4 LL és Rd Li us lasaus ul ce ls phdlls 
LpblBL e DAS Gus du G Ÿ qdll gl Le AI La Les a els uù Ÿ 
Se Ubu lues Wjlés KO Let Les 22 15e Gus Vi es zôls »15 JU 
cogbs pl lo te labs elpaëls Lait 55 ed RSI à Opis 3 ii 
rés El gelé Les à pesé Cut A6 645 pade Al p55 Lib 
as ne (us 6 6 Vs ail Pl Ge rés « Lan (sole perâns Alle 
ee de be L Ji di : URL SR 44 3 be 15 (A Ba 5 
qe dé lui, à ele des + âge cs 15i SA 0! 5 VI 
Luis & al aolels HA DS 38 eLeÿ Jb . obèes Le ST SA de pr vds 
Dan play à Aile das duel dl plait O1 ul pulls Bb Ni ets 

. Gui pull 


La op Ce À de ft BU ils Liz L GA 5 : Lial dû 
. ED GI LN 


oh ja ds JE LL a Este 0 ll ch 263 : je dE 

de ins. ge die dlies ski jé dei ed 51e Jédi qu pol ya ddl 
Sly ail O1 til de Les Lai ous à Lomdll Seal cell Gta 
SELS oi ge de US js . sil CAS a Lél lé GUN goes 
DH bol STE je Ù DR Es 381 d Le Lie DS 281 sd 
ds SU ge ail did Le Ed, We JS êôee ol 395 € tail 
Sr hs 4 Sa Ji Le otle du d dise di JS ee Slot 28 al 
Sy à Sd LebV bel dts à Slblalls c PAS us à lus 


@s 


ei = ENG = te dpi = DN G= tt 


AV 


Ali oUL 431 


ST USU ei 3, ga dates Le ds CD Ge QU D SNIs à Rd pos de Ji 
Gp dl aë Sy LA ee de goes + es ol SN Gjos 
de Jai bé 0 n8 Guns. ON de 4 Le Ja s LV ie dal Le 
s & dis pedl d SU di &le De ge 529 se Jai mas Sol 
dc 028 Le cp JUAN pu ce die 0! je al de Ji of os 
AL se CA ot NI Las OÙ Lada 3l D 55 Le EN...) 
on és 0 Os € ASIN G pol lle je Coll Endi JE; 
erétis. QUES NI Ge de Le D 8 ge 48 pau LE SA GE M à pal 
Hs «539 pl 342 6 jùe N 6Y Je ele Lin es. og ci 639 28 ce dl 
SE ge Jsl Vs el Vs sil SM ge 2 2 V3 il SAS LD 51 
IST ils. AL (le auch; past GLS 2 9 OS LUS 3 à di JE 
Jai July BRU Qi JM gel LEA LM La mes LL 5h 
St a dll, GA Je SUN as : G5b , JUI QUES (G 2ény elélis 
dd él) ag vu À ail 1 bi 5 de Ga Lis 445 es Le 
Sid Se Sly gai Jedi us du Des Chi let 

- 4 Loi Luis Jai lbs di des à LAN 


des à dti, . ssl Ji CH G ll Gosse, à de dla cé 

GB QI LA 2j Bus jy amer O5 CS. cymrl dlls due Le (Je 

Obs € dés dilnes di ge qui VI él ge Ce Ji du Su LU 0 Li 

oé es Jr à bd à del si la jasl G yËls dll Ge deu dy ie 

pis Lee pa 9 le à e12 O1 lemenes dl pe Ge omis + Ed Ga Sal Le 

35 de jet Gi. lage di de Qi ami oi de Gi ne JG. SA 
. pile Ai ç>l e ÉVLU dy yhe 


EN URENTS 35 ms —Ev a De Ge 
AIDES LC 


An 


Cri 
Jr CAE) 


des Labs dla 
ga cui il 
Hi gs 
oies s RS (org call à Jef gl a Os GE ai 
5 duel 
dés ad gt all sys Je dl e Sul Ge &bs — À 
+ Ali Ltd du Le eme Le so 4 
ae ça Ji ons à 4 LL Vs 2 ll Shi ds ailes — Y 
ais JS Lei KE N € ges Gill Si JS 
Re Ai odey à olèg Lallell Rent el db ie de dise — + 
Leséns ro ol 4 à 4 ès Je ET 25 lis U pré 
à Raglus 25 Je OÙ jee D Lee | pue ps Led 
ia Sôde Gé ta JR «ed ue ji os Of T5) GA ce 
No € Je BB CS A gb LS (oki pols à Je dls 8 ue 
pe Qi LU Vs sax) Goudl Ai el JL Li Vous el la 
ce bips W dilss (gb ealèe J] Lens 15. aŸi ob 5e ed Ke 


A4 


eV EU Gi let sl 429 

ll BL CSA ds EU ad au, SN à Call 5 als 
Leg QU à 4 pe Dos Q (ges Loucdi ALI Le Len 5 IN: Co 
db A Obs. dl el 2 » dl JI3 (je 3 jh Wide 3 KI ALU Dour 
MALE HR Ce yet ps tully di Go Sie OU Ge Ont 
g db, dus A G phil ne DES de CS As di A6 gi 
Dale Ÿ Ge OÙ OR pui es à épi Lis (le 5 ls ge ii 
g1 gai Les ALI AL, Ab du 9 à sou Ge g& di Ji 
. bide cé 


SUD 54e qe ae y Les JA mb dj 46 (ul le Loats 
gi 6 JA de gai Ms 526 Ji Vs dti ue di es Vs ul 
DnSL A es 6 (ho ce (ob PLAT 5 oh SL Es ls of os All 
ps Jrad 8e le Re V (M eus due OT Je Je U] 
Obs il Eh5 piles Gi ul UN Ge La ge 3 & se ALT GS QU à sf 
a 
SU Obs Ai AS Je oi 
un #5 labs. 39 
SA Les bi G Jraëll UŸ ossi de, ji ct aÿ 
Laldel. L£e JU D A Dis 46 GG ages 25: CAM — pl al) 
Lee pige Une 5e CHOŸ bé 3 ii QUS dlge jé (is 
Mas. Li Rudi Le à £v els. (D er BA) Jill 
d'une f is dlée CZ dis AL, JR JA call pe LS 14 
— 5 MEN) YEN po Gb Die d'in as. dl Je" 
CMAEV 95 —obf ju) Slam 25, a oi ysal GS 225464. (D V££ 
DOME D PE) FETATA pi SL be e Dh oid de mi 


4 


428 gr pa GG 5 UNI Sale 


AS 3 AU DS ge J35 QU 58 € 453. (All load Get 
à 98 ge QU Jrad 4 05e buts 


ge LI 85 de OÙ est Qu ml Ash di gel CET 
Gal St gall Byne dede ol de des 18 Ai Gi If 456 di al 
Ji Lo op de O6 G cbuf de gli 06 il Vs den pe 
Cautareu) Je RE PE Et Groripiotes) JS bal d 
Gurtagaes) LS ir ça Sly LS OS LS lis des 
Bios pie Gi os + Curôtegese) 2 AU GT 
es ji ei A8 Ji ei dl do. Csigel on Gi hé Gba ds d] 
gt dl des US Mes: Qi plis GE pe ce dl € Ge ) 
ce géo 55 à LS Gayagus) Ext SN GE 


& plat pue OS à (EI Jadl — es Si ) GUN ds 
LAS AI GLS Ai és dés. ef de 5 Oh 54e 0 GS 
se Sal plu es sels SU de Gi G Jeu bass ot 
Gobe del bb OS Les db ee Ses, lle, cu Di dis de 
+ (gi ail — bi) di de üké Slt Bou Res. on 
us dr ed dde, Gp dl ol Ju à ile De à dl Le Ji OS s 
do de = A ls JUS de dl ol 5e2e Ko . € spa âge ga El 
all es diable 5e purs PRO yes dit dite pet 
BU, GUN Goes de de G'N À alé Je ja 2 - à EH gl 4 sb 
Joe be ol poil li à] Je af ges: pal sys de de 
0 ji do pi Let el Lt Wu, lpug Les Lui al, Ji; 
. Baaal La BU je ls ga 7 2e El 


41 


Gr Yl pi 5 still ElEY| Sel 427 


03 À 8 Ga GAS 
ge de g$ a is 


SI se 


GE y 2 8 pl ee pl du suis AS LE CS à di &all GG CE 
SU ee one ESA pile us 0 SCT à pb y CSI sa 
Sbylalt Jen jus JR ZULN ob lai Er geés Gif Gi Si 
cp te 9e ue Cu HS à LT, . Ci 5 G Li Gb ls 
ae de ES 0 quels. Bye (Gs à SES à Gi I TURN 
ee de ge QI 3 da graisses DS I Ts Last 


lle lo A pe de AUS om fée QŸ à EI DES à à 
die des al y. Le ol iselee ol à] J5 453 ei se Ale cb 
ES ii So. Bis Glells Ch agde Les Ouf 453 à Ae4e — 4e 
prni Fibhe V4 ge Ja Y les Dry OUI Lis Ji Vy . à AU QUES 0 3 
gel AS fs. Gé da EU Ge Adi 0,4 du cul 33 G 
a al J Lol pe 4 6, . du Lis ob pli île dû us 
ER Lie LL OÙ us 1 uk era 


LES Obgnl Boss Gti Je Gi ile ge 815 doi lle pa 

SUSI lis GAÉ eds: URSS dar çe alu Ge Cube LH 153 

HR AA és. DEN M be se ses doi äsls . ON 

a JU ES Lin Lan 5 pue di ol QU SLAM dns s ACESN Via a 
: es 5,4 Je an 


4 


426 EM pl ÿ Bt EN Sa 


God us De ce À 
da 45 
Ci 485064. CAN G jt CS ee al db ee El ls cos 
dut pa és pl de ei Le pa, QE LE GES de 
se Qu ame Ds. (de — Gyl celel SLA due ) crdt des 
JR ee ue 5975 QI SAN € 26 af ge Ré JU à LS ts 5 4 Ji 
JS ee ee op 5 AS bi qe 7. Ve Ge. els le Sens d 
Lai où Gén 2,2 Es VAVA OS ce el Ou és à 
es A Ce Gtul ge CA us à Ge ee Vioitee qu ST a 
à Éonll lde 44 Lagon 3 ABLE 535 per où 3 ls ame La sl 
PAL X YA Die JS Qls 6 dl Jyes G 35 Je iblai CS 48 
C5) Cl > gts Le 11 mie JSicsés : Ta dei Lé me 
Bud oie gu6 dl (le à €) Et pi dl 5 Si Enball api 
pan à À Loge L Bel da sluel À 35 af Aus . (p Aie /a Vie) 
à Lai LE ga pé JU Wal as lp be ce ÉCPAUTE SE PO 
Di ge Lidl SUgdt QUE SU Ju JR de doi qañs 
Dit es. url ob je Bb %,,41 AS Sbgedl qu WE 
JKsi vu Ni ass - ME qe US Lu 16 Aix LOI Gad 
69 es DR VAL Lee aus à AVE del ce tds beuss 5e 
Re @UaŸt 5 dj ot God dj dei ce 5h JE me 5 
JET Es AIT Gb aTs 5916 ulos Cl ges Las. sud lis Ge 
. Cl fe 3 3 pal Ç cebläll oil SN 15 y LL éuaal 
== 


bla 


rl ill 3 5 3) Sy) Lan 425 


CREER SE TRE 
Lori ils 


«BAe Op f je Al QG ANT lai le Jet LA pe og lin eà 
pts best 3 pétells Gt el > jh eLalal Lili JV 5 38 3 Cat os 
pas She G JE Le Je Las de gelé RE doi us. creleli 
qe joe Lai el Gi Se of di us. ad el Le G 
+ all de il le gl 3 sh 


CRE CEA) 
SAM à o9p di ee 
dr ss ges ls 

Oh oi que ef les JS CS GA A Lei LI JET d] 
gai Ge sul CN ci 3195 AËs Lyme VAN &e du 5 all G 
At usa pad, hi Be ol 253 A Ge C5 5 Des di GUls 
DH Le dj duel duel os al qe lle Ce Qi pl 
fact Les of du NI Li Cet 4 HA ds. Lie ed oi Jui 
Gb LJli e QI due ga pe di ls 3 OUI AI Le 464 . Go Lou, ui 
QE ali pal dd EL puis gl Jshbi Gé Sal as le des gl 

+ A de ça oleL lle 


424 EN pl 5328 Set Sante 
un ca Lui oble SO 


EF 4 

Ni pan Ji lige gr Et lele OÙ Lili CRE 

& Bu Ut Less QU sl bee, ol de ds, dl d 

GS dt ice je DEL de usa OÙ pes. pans gli 3e Ds A 

vén alé Gex GÙ M (somdt qi sl 0 Ai PA Go Ge 5 ll 

&b atS of Call Ji 253 &u 5 Lgeluai OL #91 obeLIi Li, ele Ÿ 

pe Je GS doll &natll GEL âete OÙ ol je ygbies à Lagos 

LE pré d'A PU ce ones USA LT OI GA cé lgele 
+ all ani joie 


sauf à 52 still 


Sel Ai Le pl ge eee Ratls at EN dés + baf dote 
FA Ge El 3 6 jt 25. es y G LsLaSN CA ES AN RS 5 SG dust 
el Sel able ge ce Ta sis eLo plats 


RSA pla phase 2e . D 2 Zulé SLSU ago 25 le 6 y as 
en le Ge duels plans ds, 256 13 Ts 


gel Je Je: SSL 05 à Lis à AS jf dut G Ltée à Ge 
23 36 J GLS YU DLL, sad ol 

Mas. 2 Al Jo je se dis be Ge 5. Gall GS à de as 
Be oga G R UEUS G Qele Js al de pal ee der Le 
Suds 


2 CH € D pt que à Le 2 qu Leo Cl GE à à pla ol 
dial Jet : La dll lin ide Ms CS à, D de dell, CG pop 
cts gui, tel des su Di G 21 G ps 

- Eds tube jo al de SSL get De Lu à Lg gba — 30 © à 
pue DS 9 À QUE GO us à op je Rd go 36 GC 2e 

MES GA Eu Du nd A el SA Gé pole geste SE : A8) qu) 
2 Lacs 2 du 96 Cp à ge geo Bu GE 

SU pd be Gaabé CI LIS  6 mets CS 5 51 sf Et : ali ot 
- li a 


cdd a Golf, ol u ON pas à Gal CN 2e y pes Zeb : Le SU Este 
2e Enalé pl all El A gun ae 


“ 


422 sud g 3,5 


agua Ua ls Dog SN tt Le SE LES ue sl 
y Qi de LOL Jo EU ut Be à EME À cé Qt AT 


Lo pal Gall ae ot y 2 de G utel JE wx : af 4415 
“oi de g'idue Gged .  aude S ee 36 4  GNI es 


DE pee A Leo D des « f dle djlg : Ja ip 
Lee ge ob GE ANT Ut 632 2 SV dl A 


Av 


At 5 abiell és 5 ag 


gl etat EI I qe JL jt LE JS cs pair 

ls A ps El 4 5 pe ts di ge el ab 
Je ee g Jet ses c Ca le Sprell gén sé OÙ Ke ai 
RS Ve qes Gn pole gaie Je ee ls. xl dus 
el BAL NL, Er es GS 13] 2 JS 


Ja QE Les dis JSu Gi Canes alelt élAl ep 
0333 Jraill LUI 2uS, à Lai Enr Ep Sj pe. el GUN 
+ last (oi 
ASUS Sal el ge LA gg OÙ Le CS db — 1 
+ ler ie ( obialt pois rs @bs oi, 2, 
ie ol pi ce AU lg A I 55 Caen 2 Li 0 
ga all Shell, ls Ale ei 3 le ls 
gl 8 Las JS LAN de A à 4 dl OUSII sat 1S] LI — a 
cObéall eBf di GUSNL Qi dise 3 DUSI ds Last, ME 


DE | 

ob. ls DUS 85 à pu ls el OS à udl jt à yébel —T 
cNHwpétesttr 

Er e Gpdl gl 0 AG Dputges Less 265 à € Lyl dole— à 
NT ue VAWV 2 QE sa € 4 alé ul pd Go) de à à 5 IN 


+ Me € de DS à ddl à 
+ VE ue ta bis Las y € Li 5 


—\ 


4 SA A OA se hs Je 


Go DS AE pp Qi ra ae 


pt huge dent 354) Gi 


wall 41 + polalls Les tt 
Jt Ji se Ju die 45 agit Due 04e jyles Gil JA pat 


Sy de GE V gen OS Lie 


Les \Vo puys slacl 253 + pobdt 25 9 QG Gs all DS elb hu 
ÿ SUR Guns + Levi paul le Jus Wis Lis Lu 
Ent des Get de pell Lots LRSIQU SV ElsT cils 
GNU pie SUN) 2e GUN GANG LRQ Luagt Jin Ge nl 
Slot pan pe Lil bla De 6 Je QU (53m s 


+8 5 OUR je jé Le à Le ls à IG VE 


Cooocececessses2sse0s vonesenosespsonennens 


Doocesenesoos0eenesS0006SS6 2020066 008606088006600988086060 


Loges) vu à daull Les Ces 


JAVA os 1Y 0 


ou & Ji Jam 

5 Cost Glile 

ai el Gb — 

Lai 5) 3 Lei Li GR — 
SU SA Ji oeil alt Jsil = 


li 

digodis del) 

QU5}s pl 

Ce = er = dl 2 Gb ) Aa pl 
M pe = bit — 2 2 0 EI 

Le 3 Sa 

Le pi plat oû  &le Shui 


ik 


pli sie pualall ga sf Ati asbloll à-saill 


#2 


2 gi Shui 5 


se Banlieue 2 Ge) Ji us 


Doit Les li & 5 pelle 


DOLODDBOSCHPODSOEDOPOSSCCLESSICHSOSSOPOPDOSHSELIBESEFESHEOS 


ë 
Ë 
H 
ë 
ë 
ë 
5 
ë 
ë 
$ 


Ale silo 
14 sell soleil il sil Er 
“ile 2e 


Rat Gui Lee Loall SG Lucglls call 2 
AY ge pes) 5,2) ce les SNS d 


Del diuy dei | 


As À 
— NOEV NTI 2 407 LUI Gall le Sols à gs der 
clyÿss À + SAYT ee NAT 
S MAYT be Di SES G Dagalls QU Gb ae à Zi pur 
Sÿss Ve 
elni/gell oil ol de eue GE LUN pli @ilè lacs (GAS 351901 — à 
Sÿs À e PAVA go 
“aps Juil et JU it à GAS + ge 3319810 
FRAC) Led à (1) 3e 
F(RaSSNE )ortlls hall : (7) 25e 
ss Yo 


Fall) col ae poli gel oi GAUI sul Sul: (ep selall 61358) ge — à 
CIAVT obug 12 0 de cle ue 

190 va + Le all RUL db y dat e5mi 

Reed CUDL bel à GUN ssl 


Lundi ( MAVA) SNlis ( VAVY ) GI 5U Eur 
Ceddl css ) » poli got Good 


: Sul 


Jail ali + le JS ose juur Luuss ile Us à Lu pal polall Go 96 das = 1 
+ ol sell ei, CIAVA) GI adsl + (YAWY) 

(AVo) doit sul : puis SI 535) got à xs Use : ue Sole = Ÿ 
DRAP IPEATEUR Fa) CYAVY ) EI saut ( VAVY ) Gt sai 

SNte pe JS Chie guol jus Use 5 5 Fri oalalf © 51 digue Du = 
rérdl ul ss 0 à ssldi ul Ci ss £ dl 


ol A 
SIN LS à de SR yi 


(ASS /4to—rirYol) 


Sbihe DA Ge DES Lis Géms Ab dub 355 e6 
gahét ai plu GŸ 5 jeu is US, . % 3 ll St ji as 


à Dies dige JE de Dé St 


dés à Dh gnll Jones sis taie de DES is » 
SES pi. Bull, au Gt Ctlbelt Lou Lei 


à pa V és mie Ve 


sssssss 


== 


— 


_— 


= 


es 


l) 


GS dal 8 
450-231 ue € GUN sal 23041 ue 6 Ds NI sauf 
— Ava 


ef Ai [ei] 
gb GA G op de gi e dote « Lost 
uk 66 5 (dk) ati, es 


1 «du 


DS Quë à ué Ue 6 se à y 

pli A ll èle ou Jai 

+ 1564 ei 198 à Ga) 3 

4.158 6 (Q HS YL) wel cal ph Libé ss 

CSN ) cul DER ou Gba € [ue] 
2 169 € Let vañle 187 


ur) ol A Ge le pe dx 
E AT 6 (RHSYL) dsl mal OS s 
2 169 à 2 lt and 

a QG GA A ge 6 ds à get 
usb 815 (ZASYL) € 2 eh 
+ 425 « à pbs 

HAS Que ge 6 pe à yet 
(RASE) e GA NS ess 
276 à a plb nl 3 

Ours oi DS) de le « [és] 
169 à a ylb jade & 137 à (à SNL) 


ous 4. axé gl Qui oi An 
2150 € (4 YU ) dei 


AS Je ae Bone à Je à [ii 51] 
D GY Gui, al ol pti 
= 1434 (4 SSL) 

| + Ai Je à [oies #1] 

Es 4 [ouai si] 

Bb du dal Gi ÿ de à [ei si] 
Cu) à Al Qi gl 
+ 156 € &HSVL gañb à 198 

ES sl « [sal ] 

JS ge Ghil EI pue Just € [le oi] 
126 « (SU) « Se où va ol 
à 169 à à db ae 

s (BAL) 6 VS Gt « [el ssl] 
2155 € à SV quñle 228 

BA € [uni de a] 

« él dl il € Les si] 

[ae ou 5e Gi ll pee Jisst 
169 BU Lab € 126 (ai A) 

+ pl cal Bit à sLel 

ds Gé « eus QE à [oi] 
149 4 (SUIL) à at à à sigle 

| 4 GNU) ob al Se old eg 
| 2 429 à ll gañle 255 


AS due en 4 oil eos. ds | 

hs (UML) « DE EL, A | 
429 « db 

il El pois disol à 3 gb à sus 
sm (At) de x a die 
4.369 € D Ab be 

dE Jeébe Gone à Jui à je à és 
Mel GN Rs à 8 ot at publ 

a 5, Giles Quus DL à qui « aït, | 
pb 283 6 (ads Eat) à ol 
. 480 € Ab 

à de db + RU GAL 
+ 395 + (4 HR) 

ab ps il « Lt ol 

jügbb of ele Goes Qi os cui 
25 au 0 ve à 391 (EL) + 5 ui 

es Si UNI glo + œil 
170 « ul Qañbe à 101 € (GUY) 

gi wbE gli QU à del € dl 
2180 4 (A AU) à tele 

DA qui Qi Je nb del à Ji 
43 6 Ji y Sd ÿl, à s5ût 


BS PAU ol de à dti ae 4 5e 
wéb , 226 6 ( Ldh ) à Let 
155 « à Se 

(RASVE) EI su 5 dole « pose se 
178 Du eñb 53 


le sal pol Blé 


dés os Ji de « BL Ji Ab Si 
405 25 A anl e 448 (tb) 

291 (RHSNL) « God Eu Libé Je 
+ 426 2 A0 aile 

GSNL) 2 bal GS pds matt Le SG 
476 6 Slt eñL à 31 

ESA Al Gus fe gepe ns 
2399 « (HS NU ) ae 

also QU SUN SM 6 be à d 
2160 « (4 HEYL) 

358 4 (&ASNL) à UNI ge Lt Gb ont 
424 à ven 

Da gel il à als 80 20,8 pat 

ele geurs giant sul à pe à ob 
be SH (50) saûl G os ol 
. 425 à à Al 

Es OM gril GA ÿ A x 
178 € AU ga 66 € (45 AL ) 

esse (AN) € RU AUX Jolie 
218 € à gaie 

291 (SVG) « au due Je oi € (ss 21] 

2 426 4 Le ae 

SV pily all Le 6 dues del 6 gl 
a 6 (at) € Go sl 
176 à ll a 

gb e Ge 
153 4 (à QU } al 


|aele à al Gall Le Gb 6 de 


Val 8 abs Las 2Ù « [ei] 
490 € & AU Lab € 238 (25 AU ) 

HR HSNE ) à La SN BI I EL Le 
2 425 6 Lu A Lande 315 

«aus Et à [ol ee] 


397 (43) 


Le (au) a à os UT ds 


2170 & 2 lb pale 101 


DS à (ge) € sil € wild 
9e (UL) als à cu SLS 3 il 


SN 6 sf 6 bb à GS 
180 «(RHSNU) culs € SU QU 

uw 4 ral AS 
397 « (RHONE ) del 

SN ge ie ouL Et à die ES 
À 48 til Deble à 358 € (a ISNU) 

+ Ge gl JE € het 

e gl ml GA Que, Le at 
430 € AU Qañle 234 6 (a As 25 54) 

ds A gl A Q GS à [ii] 
270 6 (& SNL) eee QŸ al QU e 
 A2T à Le ab 


ea 


cu ge 


al OS, est Gil SE ou le | 


wa 187 6 ( &HRNL ) got 
, 169 € à lu 

. AR A « QI pti 

8 (ad) SLI RS GA ce ol de 
155 « à RL Lanl 228 

4 des ce Qi sui Ji QUIL SAN G au 
40S à 25 ane 448 6 (isa) 

cl gels de Dal os Gi à of le 
#98 4 (aadh) 6 A pclls AN 
156 € à SNL al 

255(4 MSVL) «D UŸ LS 3 1 DS Je clés 

4 499 € a Ab anb 

395 4 (A HSNL) à Ai Gb, Je Don 

ele 6 Sad Bab LAS 6e € ee 6 ge 
+ 397 « (2 SIL) 


out 
2180 (ab) cales GES 


ER ol Gb 6 ge de a 
2 158 «(a 


2 149  ( SUSL ) els 
«gl Dh due Le GG « Es € Je 
-426 6 db eh 291 à (RU) 


dé là (52) où: ui | 


usé « g0 SA SLA à [abur 
150 & (& SNL) Bel 6 Dos 4 


| hs RUN US! qébs  Va € ut 


170 co y nb 101 6 (USE) « 
él Soi D ces SA du gen 
176 « Rp enl 6 3 ( ENL ) 

8 GA ps gs sai ge Jai 


ce Ale ol dé 


Dueye QE die ami 6 tel sù 
ab 3 6 (xt ) a 
2 176 à ab 

6 spdl di as 6 Los Li 6 pull 
395 (& SV) «ALU BL) Je Le 

(RARE) «2 05 due à [uit s 
178 db an 6 53 

SL di Ut SA G de à OL 6 ab 
usb « M(U AU) 6 Glés & M 
. 405 6 LS 

SL gbè QE à LS 
+ 180 « (2b) 

6 ht pû Gé 6 GS CL pli Ds 
280 à (a AU) à dre 

6 ab Vos Gé à 6 clés il QiS 
à 49 à (GUY ) at» 

A GAS 6 gi dé uÿ al Qi 
+ 270 € (a HN) een ds ce 9 AI 
«427 6 Ab gede 

SA GA A Gif à 6 4 8 
gl de 4 Ai SES 6 pes 
2 A9 à AU añle 970 e (BEN) 

AS à Le ds à GA Qi Go 
de 270 (ASNU) à il Je 3% td 
2 40e Ad 


EE PT 


King, David A. Three snadials froni Islamic Andalu- 
sin, 358; summary in Arabie 424; see also 
Janin-King. 

Kid al-jämi® li-mufradar aladeiya wa aghdhiye, 
143. 

Kb abmafrüdät  Agäqun. rev., 19. 

Kubesov, Audanbek Kubesavich, The Mothemat- 
ical Heritage of al-Färäbr, rev, 150. 

Mhdihassan, S. {ndian Alehemy or R 
the Light of Ascetirism and Geriatries, rev. 397. 

te) Mathematical Heritage of al-Färäbt, rev, 150. 

4) Medieval Compendium of Arabie Medicine. 
Abü Sahl al-Masïht's “Book of 1he Hundred” 
270. 

Heullographic examination of tua blades made 
of Damascene steel, 3. 

Misa ibn Maymün, excerpt, 389. 

Aabulsi, Nadir, al Käshla Mifiih ol-Hisdb, 
tev. in Arabie, 180, 

Var, Seyyid Hossein, {a Annotated Bibliography 
4 Islamie Science, rev, 153. 

Vice af un important al-Jazari manuseript. 291. 

Tatkowski, Jerzy, Metallogrupbic examination of 
two blades made of Damascene steel, 3. 

Tiagree, David, Islamic Astronomy in Sanskrit, 315. 

Qutayé see Katoyé 

Habed, Roshdi (Un probleme arithmético-géomé- 
tique de Sharaf al-Din al-Tusi) 2 
in Arabie, 430. 

ra, A, L Tbn al-Haythan’s “Treatise on the 


AlSafaral, a marginal note 40 Ibn al-Bayt 
Küdb_abjämis  lé-mofradat abadoiyn wat. 

rehdhiya, 143, 

Saidom, Abmad, rev. of alKäshrs Mifäh ol 
Hiséb, in Arabic 180. 

Saliba, George (The Planetary Tables of Cyriacus), 
534 summer in Arabie, 173. 

Some Remarks où the Book af Assumptions by 
Agätun”, 255. 

“Tee, Garry J rev. Diocles, On Burning Mirrors, 3 

Matematicheskoye _naslediye _al-Farabi, 

150; rev. The Translation of 1hn Elements 

ef Euclid from the rabie into Latin by Hermann 

of Carinthia(?). Books 1-VI, V'II-XT1,403. 


Three Sundials from Jalamie Andalusin, 350; 
summary in Arabic, 424. 
Toomer, G. J. Divéles, On Burning Mirrors tv, 399. 


(The) Treatise of Yahya b. Adi On the difference 
between philosophical logie and Arabic gram 

in Arabie, 193; summary in English, 156. 

Sharaf al:Din see Rashed, 

Weisser, Ursula (Hellenistische Offenbarungimotive 
und das Bueh Geheimnis der Schäpfung), 1013 
summary in Arabic, 170. 

Villuendas, Maria Victoria (A further note on a me- 
chanical treatise contained in Codex Modicen 
Laurensiana Or. 152, 395. 

Yalhiya b. Adi, On the difference between philoso. 
phical logie grammar, in Arabie, 
193: summary in Englich, 156. 


Index to Vol. 2 
Journal for the History of Arabic Science 1978 


Pagination according to numbers: 


Ao. 1, 1-230 


Abü Nayr b “lräg, see Debarnot. 

Abü Sahl al-Masihi, see Karmmi. 

Anbouba, Adel, Acquisition de l'algèbre par les 
Arabes et premiers developpements. Aperçu 
general. 66; summary in Arabie, 172. Construc- 
tion de l'heptagone régulier pur les Arabes 
au de siècle hégire, 264; the same in Arabic, 
Vol.1,No2, 384. 

jography of Islamic Science, 


Aqäqun, see Dold-Samplonius. 

“AK ibn Ridwän, see Katayé. 

Berggren, John I. (A Coincidence of Pappos 
Bock VIIL with alBirmi's Tahdid), 137; 
sunmary in Arabie, 169. 

[al-Birünt] À Coineideuce 0€ Pappos' Book II 
137. 

Busard, H. L. L. The Translation ef the Elements 
of Euclid from the Arabic into Latin by Hermann 
of Carindhia (?), rev., 403. 

(A) Coincidence of Pappos’ Book IL with al 
Birani's Tahdid, 137. 

Construction de l'heptugone régulier par les Arabes 
au de siècle hégire, 264; Lo Arabie Vol. 1, No. 2, 
304. 

LGyrineus] Thé Planetary Tables ui Cyriseus, 55. 

Debaruot, M. T. (Introduction du triaugle polaire 
par AbG Nasr b. “lräy), 126: summary in 
Arabie, 169. 

Degen, Raïner (Al-Safarjal, 
Ibn alBaytär, Kitdb uljämi 
aladwiya wal-aghdhiya, 143. 

Dold-Samploniue, Yvonne (ed.) Kitéb al-Mafrudét 
li-Agätun, rev. 149: Some Remarks on the 
“Book of Assumptious by Aqätun, 255: 
summary in Arabic, 429 

Endress, Gerhard (The treatise of Yahya b. “Adi 
“On the difference betieen  philoso: 
logic and Arabie. grammar Arabic) 193: 
summary in Euglisb, 156. 

FiHtagarrag fFHHbb ila'-Safads, 448, 
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{A) further note on a meclianical treatise contaiueé 
in Codex Medicea Laurenziuna Or, 152, se 
Villuendas, 

Hamarneh, S. K. rev. of Indion Alchemy, 397 
rev. of 4n Annotated Bibliography of Islami 
Science, 153, 

Hasao ibn AI al-Umawt, excerpt, 389. 

AlHasean, Ahmad Ÿ. (Iron and steel technolog 

medieval Arabie sources), 31; sumunar: 

Arabie, 176. 

Hellenistische Offenbarungemotive und das Buel 
Geheimais der Schôpfoug"", 101. 

Mermelink, Heiarich, rev. of Kitdb al-mafrüdé 
li-Agéqun, 149. 

Hill, Donald (N 


of an important al-Javar 

manuseript), 291; summary in Arabie, 426, 

Cho al-Baytär] Küdb al-jami® li-mufrudät ai 
adwiya al aghdhiye, 143. 

Ibn alHuythaw's ‘Treatise on the method © 

stronomieal) observations, in Arabic, 22 

summary in English, 155. 

Tbn al-Nattäb, excerpt, 390, 

Ibn al-Suflar, Kitéb alasrär JF nai 
excerpt, 387, 389, 

Introduction du triangle polaire par Abü Nage b 
“käq, 126. 

Iron and steel technology in medieval Aral 
sources, 31. 

Islamic aétronomy in Sanskrit, 315. 

Janin, Louis and D. A. King (Le endran solain 
de la mosquée d'lbn Tülün au Caire), 481 
summary in Arabie, 425. 

AlJazarÿ, see ill; see Villuendas, 

Karmi, Ghada À mediaeval compendium of Arabit 
medicine: Abü Sahl al-Masïhi's “Book of the 
Hundred” 270; summary in Arabie, 427. 

ALKäshr'« Minh al-Hisäb, rev. in Arabie, 180. 

Katayé, Salmañ ‘A propos du discours" EYl 
taçarrug ftibb fl'-Sasada”, 405: FT 
tafarruq Mtibb ila al-Satada Ji SAIT ibn 
Ridwän, 448. 
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Institute for the History of Arabic Science 


1 New Publication 
l Al-Jazari 


|! A Compendium on the Theory and Practice of the Mechanical Arts 
| 

| Edited by 

l Ahmad Y. al-Hassan 


This is an indispensable source for historians of technology 
and science. The complete Arabic text of over 500 pages has 
been edited from the best presently extant manuscrits. 175 
|| black and white drawings have been made after careful study 


and collation of the original illustrations. 


| 

| 

| This work deals with different kinds of Arabie mechanical 
and hydraulic machines which reveal the Arabic contributions 

[129 the field of mechanical engineering in the twelfth and 

! | thirteenth centuries A. D. 


There is a complete index of the technical terms used in 


{['the book, as well as a glossary of technical terms in English 


{| and Arabie, enhancing its value as a permanent reference. 


| 
Le | 
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Institute for the History of Arabic Science 


New Publication 


| 


AL-R AZI 


Ab Bakr Muhammad b. Zakariya al-Räzï, ( fl. 251/865 - 313/925) ! | 

Dr. Salman Katayé has edited this text 
from the three known copies of the manuscript. 
Jtis a unique document in its manner of exposition 
and diagnosis of illnessess through questions and 
answers, | 


This edition contains an introduction, dia- 
grams supplementary tothe text. indices and a 
table of contents. The indices include a glossary 
of technical terms, both ancient and modern. 

350 pages, 7 illustrations. 

| 

| Forthcoming PUBLICATIONS 

@ Pseudo-Apollonius of Tyana (Balinus), Sir al.Khaliga, 
Arabic text edited by Ursula Weisser. 


© ‘Umar al-Khayyam, Al-Jabr w’al-mugäbala, 
Arabic text edited by Roshdi Rashed, 


Publications of the Institute for the 
History of Arabic Science 


Al-Hassan, Ahmad Y., Tagï al-Din and Arabic Mechanical Engineering, 
with the Sublime Methods of Spiritual Machines. 
An Arabie Manuscript of the 16h Century. 
In Arabic. 165 pp. 1976. 5 8.00 


Kataye, Salman, Les Manuscrits Medicaux et Pharmaceutiques 
dans les Bibliothèques Publiques d'Alep. 
In Arabic. 440 pp. 1976. $ 10.00 


Shawqi, Jalal, S. As Mathematical Works of Bah al-Din al-Amili. 
(953-1031/1547-1622). In Arabic. 207 pp. 1976. 
5 8.00 


Kennedy, E. $., Ghanem L, (Eds), The Life and Work of Ibn al-Shätir- 
an Arab Astronomer of the 14th Century. 
In Arabie and English. 172 pp. 1976. 5 6.00 


Kennedy, E. S., The Exhaustive Treatise on Shadows by Ab 
al-Rayhän Mukammad b. Ahmad al-Birüni, 
In English. 281 pp, 221 pp. 1976 
Vol, 1 Translation 
Vol. II Commentary $ 25/set 


<Adiyät Halab. An avaual on archaeology, history of art and science. 
In Arabie and Euglish. Vol. 1 (1975) pp. 368, Vol. LI (1976) 
pp. 354, Vol. II 284 in Arabie, 56 pp. French and English 
summaries (1977) Each Vol. $ 6.00 


Proceedings of the First International Symposium for the History of Arabic 
Science (ISHAS), held 5-12 April 1976, Aleppo. 
Vol. L in Arabic. 970 pp. 525.00 
Vol. IL in other languages. 


Proceedings of the Second (1977) Conference of the Syrian Society for the 
History of Science. In press. 


Journal for the History of Arabic Science. An international journal, Vol, 1 
(1977) Spring and Fall. Vol. II (1978) per volume $ 600. 


LH.A.S. Newsletter, a quarterly, 1978. 


To Contributors of Articles for Publication 


in the Journal for the History of Arabic Science 


1. Submit the manuseript in duplicate to the Institute for the History 
of Arabic Science, The text should be typewritten, double-spaced, allowing 
ample margins for possible corrections and instructions 10 the printer, Please 
include « 300-700 word abstract in Arabic, if possible, otherwise an abstract 
in the language of the paper. 


2. Bibliographical footnotes should be typed separately according to num- 
bers inserted in the text. They should be double-spaced as well, and contain 
au unabbreviated complete citation. For books this includes author, full title 
(underlined), publisher, place, date, and page numbers. For journals give author, 
title of the article enclosed in quotation marks, journal title (underlined), volume 
number, year, pages. After the first quotation, if the reference is repeated, then 
the abbreviation op. cit. may be used, together with the authors name and 
an abbreviated form of the title. 


Examples : 


0. Neugebauer, À History of Ancient Mathematical Astronomy (Springer, 
New York, 1976), p. 123. 


Sevim Tekeli, #Taqi al-Din's Method of Finding the Solar Parameters”, 
Necaci Lugal Armagani, 24 (1968), 707-710. 


3, In the transliteration of words written in the Arabie alphabet the 
following system is recommended: 


sd,r,z,s,sh, 


5e 2, + nf 


,k,l;m,n,bh,w,y 
pu 2 44 
For short vowels, a for fatha, à for kasra, and u for the damma. 


long vowels the following diacritical marks are drawu over the letters 
ü 


The diphthong ae is used for ,i and ay for 41. 


NOTES ON CONTRIBUTORS 


Adel Aubouba, works on the history of algebra and geowetry. He has taught the history of Arabie 
science and mathematies at ihe Lebanese University and at the French Faculty of Economies in 
Beirut, His publications inclade studies on al-Karaÿt, Shuja® b. Aslam, al-Samaw'al, and other Tslamie 
mathematicians. 


Yvonue Dald-Samplonins, presently teaches the history of Arabic mathematies at the University 
of Heidelberg, She bas published studies on the history of Arabic geometry and is currently working 
on Thäbit b, Qurra’s Kid almafradat. 


Sami K. Hamarneh, of the Smithonian Institutions National Museum of History and Technology, 
is a historian of Arabic medicine and pharmacy. He is the autbor of several books aud articles on 
these subjects, including Origins of Phormacÿ and Therapy in the Near East, and The Physicion, Thor 
rapist, end Surgeon, Ibn al-Quff. 


Donald Hill is a practising engineer wbose avocatioa is the History of Arabic technology. He bas 
published an English translation of the treatise of ol-Jezarï, and is currently completing an edition 
of manuseripts of the Bana Müsä. 


The editors have just learned with sadness of the sudden death of Louis Janin, dorteur en drnit, 
He had retired some time ago from a banking career which included residence in various Arabic- 
speaking countries, This led 10 his interest in Arabic science, in particular medieval and modern 
gnomonies. 


Ghada Karmi, is a physician and bistorian of Arabic medicine. She is engaged in research at the 
Institute for the History of Arabie Science. 


Salman Kataye, is Professor of Otorhynolaryngology at the Faculty of Medi 
Aleppo. He has published several works on tbe bistory of medicine, 


6, University of 


ES. Kennedy, sometime professor of mathematies at the American University of Beirut, is currently 
à research professor ut the Institute for the History of Arabic Science, He has published several 
studies in thé history of Arabic-Hslamic science. 


David À, King, whose professional interest is in the astronomy and mathematics of medieval 1elam, 
is resident in Egypt. Ta particular, he bas numerous publications in the field of astronomical timekeeping 


David Pingree, is a professor in the History of Mathematics Department at Brown University. 
He controls the Sanskrit, Arabie, Latin, and Greek sources, and has a special interest in the history 
of aetrology. 


Roshdi Rashed, is director of research at the C. N. R. 8. Institute for the History of Science, Univ+ 
etsity of Paris. His publications inelnde studies in tbe history of algcbra and geometry. 


Garey J. ‘Tee, is a senior lecturer in tbe mathematies department of the University of Auckland, 
He-works chiefly in the fields 6f numerical analysis and computing, but also in the history of seicnce. 


Summary of the Arabic Article in This Issue 


A propos du discours FFl-tatarrug ftibb ila al-sa*äda” (Vers le bonheur 
par l'intermédiaire de la médicine de ©Ali b, Riduan) 


Sazman Karave 


Nous présentons pour la première fois. le texte complet du manuscrit 
Magäla ffl-tatarrug fE-tibb ila al-saäda de “AN ibn Ridwän. Ce texte, 
unique, est couservé jusqu'à présent dans la bibliothèque de Hakim Uglü 
Bacha. 

Ce discours revêt une certaine importance: 


11 nous permet de déterminer la date de naissance de “AI ibn Ridwän 
et de calculer son âge avec précision. 


Nous pouvons relever dans ce même traité certaines évocations portant 
sur la conception qu'avait Ibn Ridwän de l'enseignement médical, Il prétend 
qu'on peut étudier la médecine sans professeur. Ce qui lui a attiré beaucoup 
de critiques. 


Dans al-Tatarrug, il expose de nouveaux arguments rendant son point 
de vue plus acceptable. 


La troisième partie de son discours est consacrée au développement 
du titre de ce dernier, il explique alors l'aspect philosophique de la pratique 
médicale. C'est une conception religieuse qui s'appuie sur l'idée que la médecine 
est un acte de charité et un moyen de satisfaire Dieu et mériter le paradis. 


Enfin, dans ce même discours, Ibn Ridwän aborde l'histoire de la méde- 
vine pré-islamique. Nous remarquons qu'Hippocrate et Galien sont, d'après 
lui, les seuls dignes d'être estimés et respectés, surtout Galien, dont les ou- 
vrages sont, à son avis, d’une valeur incontestable. il s'en prend même dure- 
ment à ceux qui l'ont critiqué, tel Rhazes, 


404 BOOK REVIEWS 


science to mediaeval Europe. Although the twe Dutch publishers are to be 
commended for publishing these two volumes, it might have been more appro- 
priate for the entire text to have been published in the scholarly journal where 
it began to appear. 


Garry J. TEr 


Computational Mathematics Unir, 

Department of Mathematies, 

University of Auckland, 
Auckland, New Zesland 
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B. L. L. Busard, The Translation of the Elements of Euclid from the 
Arabic into Latin by Hermann of Carinthia (2), Books I-VI. Leiden, E. J. 
Bill, 1968. 142 pages. (Books L-VI) 24 £. 


H. L. L. Busard, The Translation of the Elements of Euclid from the 
Arabie into Latin by Hermann of Carinthia (2), Books VII-X11. Amsterdam, 
Mathematisch Centrum.1 977. 198 pages. Mathematical Centre Tracts 84 


In 1271, Gerard d'Abbeville bequeathed to the Sorbonne a Latin manu- 
script, (Bibl. Nat. Latin 16646) of Euclid's Elements, Books 1 to 12, and that 
text has now been printed by Busard. Books 1 10 6 are contained in the 1968 
volume (which is reprinted from Janus, 54, 1-2, (1967), and Books 7 to 12 
are contained in the 1977 volume - Books 7 to 9 had first been printed in 
Janus (59. (1972), 125-187). The manuscript does not contain Euclid's Book 
13, on the regular polyhedra. 


The Latin text is obviously translated from Arabic, and there is some 
tenuous evidence suggesting that the translator might have been Hermann 
of Carinthia (fl. 1143). Hermann is known mainly us the translator from 
Arabic into Latin of Ptolemy’s Planisphere (which has survived solely through 
his translation), and as co-translator with Robertus Ketenensis of the Koran. 


This Latin translation of Euclid appears 10 be intermediate in time 
between the 3 versions ascribed to Adelard of Bath (f1. 1116-1142), and the 
version aseribed to Campanus of Novara (c 1205-1296), which was used for 
the first printed edition of Euclid. 


Itis approximately contemporary with Gerard (1114-1187) of Cremona's 
translation, which includes the pseudo-Enclidean Books 14 and 15. Campanus 
made use of the versions by Adelard, but Busard considers that this version 
by Hermann (?) was not used by Campanus. 


Busard analyses and compares the several known Arabie and Latin 
texts of Euclid, in order to determine which Arabic version was used as the 
source of this text. In the 1968 volume, after an analysis of Books 1 10 6 he 
considers that it was translated from Thäbit ibn Qurras revision of the trans- 
lation by Ishäq ibn Hunsyn. However, in the 1977 volume, after analysing 
the full text, he considers it more likely to have been translated from the very 
first Arabic version of Euclid, the translation made by al-Hajjäj ibn Yüsuf 
ibn Matar under the patronage of Härün al-Rashid. 


This Latin text cannot have had much influence on the development 
of geometry, since no other manuscrit of it is known; but it is of some in- 
terest for the evidence which it presents concerning the transmission of Arabic 
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from a manuseript (in Uppsala) in which the work is attributed to al-Färäb 
{who died in 339/050). In fact, in a later book (A.K. Kubesov, Mutematicheskoye 
naslediye al-Färäbi, “The Mathematical Heritage of al-Färäbi”, in Russian, 
Id. “NAUKA'Kaz. SSR, Alma-Ata, 1974), Kubesov explains pp. 52-53) 
that the manuscripts of the work On Geometrical Constructions incorporate 
almost the entire book On Geometrical Figures (written by al-Färäbi, according 
10 the Uppsala manuseript), together with some additional material, presum- 
ably supplied by Abü'l-Wafa”. On p. 29, Toomer mentions citations of al. 
Fâräbi's commentary on Ptolemy's Almagest. “Wbich does not appear to be 
extant”. However, Kubesov (1974) devotes chapters 4 and 5 10 analysing 
that commentary (from a manuscript in the British Museum), and the publi. 
cation of a Russian translation of al-Färäbfs commentary on Ptolemy’s 
Almagest was announced by B. A. Rozenfel'd on p. 109 of the first issue of 
this Journal. 


Toomer's edition of Diocles is a valuable contribution to the history 
of Greek and Arabic science. 


Note on the Text 


Dr. N. Kanawati has examined the reproduced manuseript, and he 
informs me that Toomer has made a very accurate translation of the 
difficult non-mathematical introduction (sentences 1 to 37); except that 
in the opening invocation the phrase “grant long life” is much more likely 
10 be “grant help”, i. e. afin instead of atmir. The word hatté ( — till, 10, 
even), repeated in sentences 3 and 4 in the Arabic transcription, should cer- 
tainly be rendered matà (= when). Compare these two instances with the 
way hatiäis written in sentences 22, 24, 36 and 37, Curiously however, Toomers 
translation in both cases is the correct one — “when”. The emendation of the 
important corrupt name (in sentences 3 and 4) to “Zenodorus" is probable, 
but hardly “certain”, as Toomer asserts. 


G. J. TEE 
Computational Mathematies Unit, 
Dept. of Mathematics, 
University of Auckland. 
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10-16 deal with the doubling of the cube, (Propositions 6 and 9 are trivialities, 
which Toomer considere plausibly to be spurious additions to Diocles” text.) 
Propositions 1, 4 and 10 contain the earliest known treatment of the focus 
and directrix of the parabola — the Conies of Apollonius treats the foci of 
dlipses and hyperbolae, but it is remarkable that none of bis surviving writ- 
ings mention the focus of the parabola. 


The theory of conic sections was invented by Menaechmus (mid-4th 
century), who named the 3 types as the “section of an acute-angled 
cone”, “section of a right-angled cone” and “section of an obtuse-angled 
cone”; whereas ve use Apollonins’ names of “ellipse”, “parabola" and “hyper- 
bola” respectively. Archimedes (killed in - 212) used Menaechmus” “cone 
names, even though he effectively defined the curves by their equations in 
Cartesian coordinates, rectangular and even oblique. Diocles consistently 
als he parabola a ‘section of a right-angled cone”. Ellipses and hyperbolae 
oceur only in his proposition 8, and there he uses their modern names, suppos- 
edly invented by his exact contemporary Apollonius. Could the Conies have 
been “published” while Diocles was writing his book, inducing him to change 
his concept of the conic sections? Toomer suggests alternatively a modifica- 
tion of the accepted history of conic sections, according to which the names 
“elipse” and “hyperbola” were invented together with the ‘coordinate” 
definition of the curves, and Apollonius standardized those names instead 
ofinventing them. 


Eutocius quoted Diocles’ proposition 7, but he re-wrote propositions 
8,10,11,12 and 13 to accord with the geometric style (Apollonian) regarded 
as orthodox in his day. In particular, as had been suspected by some previous 
investigators, the references to the Conics in Eutocius’ version did not occur 
in Dioeles’ text. It is noteworthy that Diocles refers 4 times to a flexible strip 
of horn, used exactly like a modern draughtsman’s spline for drawing a smooth 
curve through a set of points. 


The 16 diagrams omitted from the manuscript have been réstored most 
effectively by Toomer. Geometrical texts can permit such complete recon- 
structions of missing diagrams; an interesting contrast \vith, say, a biological 
text, where such a reconstrnction would usually be impossible. 


On p.23 Toomer refers to an elegant construction of a parabolie mirror 
with a given focal distance, which he ascribes to Abu'l-Wafa (mid 10th 
century), and which has been printed in French and in 2 Russian versions. 
Toomer notes that Krasnova’s translation was made from a manuseript (in 
Istanbul) of Abü'l-Wafx'e book On Geometrical Constructions, but that 
the translation by A. Rubesov (al-Färäbi, Matematicheskiye traktaty, “Mathe- 
matical Treatises”, in Russian, Alma-Ata, 1972, pp.104-106), was made 


400 BOOK REVIEWS 


book had been translated into Arabic, since Eutocius extracts saÿ nothing 
about burning mirrors (except in the title). 


A few years ago Dr. Fuat Sezgin directed G. J. Toomer' attention 
to un Arabie manuscript of mathematical writings in the Shrine Library at 
Meshhed in Iran, including an Arabic version of Diocles' treatise On Burning 
Mirrors. That manuscript (dated À T1. 867 — 1462/3) is a carelessly written 
version of an anonymous well-written translation of Diocles” work, and it 
is the only known manuseript of that work (apart from an inferior transcript 
of that Meshhed manuscript, now in Dublin). Blank spaces are left in the 
manuscript where the diagrams should have been inserted. 


Toomers admirable edition consists of Preface and Contents, then 
au Introduction (pp.1-33), the edited Arabie text with facing English trans- 
lation (pp. 34-113), photographe of the entire Arabie manuscript of Diocles’ 
treatise (pp.114-137), Commentary (pp.138-175), Appendix À with text and 
translation of Eutocius” excerpts (pp.177-201), Appendix B with other ancient 
and mediaeval proofs of the focal property of the parabola (pp.202-204), 
Appendix C (by Otto Neugebauer) on Archimedes’ problem and Diocles' 
solution (pp.205-212) Appendix D (also by Neugebaner) on a non-standard 
parabolie mirror (pp.213-216), Bibliography (pp. 217-223), Index of Technical 
Terms in Arabic (pp.224-238) and a General Index (pp.239-249). The elegant 
printing of the Arabic text was generated by a computer; but it is amusing 
to observe that the 12 pages of Eutocius’ Greek excerpts (with claborate 
textual apparatus) are reproduced from handwriting, although Greck words 
and phrases are printed neatly in the Introduction. There can have been 
few mathematical books ef recent times in which some footnotes have been 
written so casually in Greck. 


One of the most important features of the Arabic text is that it enables 
Toomer to determine the date of Diocles. The 4th and 5th sentences associate 
Diocles (in Arcadia) with a person whose name is rendered corruptly, first 
as "Byüdäm-s and then as’ Yoüdäm-s: in view of the careless writing of the 
Meshhed mannscript these corruptions are emended by Toomer te Zinüdürus, 
which corresponds to Zenodorus. Now, Zenodorus was a mathematician 
of the early -2nd century, best known from the fragments of his pioneering 
work on isoperimetrie problems. Thus, Diocles appears to have been a close 
contemporary of Apollonius, the Great Geometer himself. This dating raises 
interesting questions about the chronology of the theory of conie sections. 


Diocles’ text contains 16 diverse propositions, Propositions 1, 4 and 
5 deal with parabolic mirrors (including paraboloïds of revolution), proposi- 
tions 2 and 3 treat spherical mirrors, propositions 7 and 8 deal with a problem 
posed by Archimedes (expressible as a cubic equation), and propositions 
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as “social parasites”, thrown out of society 10 meet their own fate. They 
inévitably sought ascetic liv And in their asectic conditions and medita- 
tious they dreamed of rebirth for a happier rejuvenation. They tended to 
practice spiritual excercises and to utilize the herbo-metallic drugs of the 
Rasayana (p.117) to attain that end. But interestingly, the author comes 
oût triumphantly and pointedly when he concludes by emphasizing his praise- 
worthy statement that “Indian medicine is unique in recognizing réjuvena- 
tion, and Indian philosophy is unique in aiming at immortality". (p. 118). 


1 must conclude by saying that here is an excellent literary contribution, 
a book deserving the attention of historians of science, cultural history, and 
the occult, It shows a link in the history of alchemy between countries aud 
cultures in the East and in the West — a connection worth exloring and 
elucidating. It fils a gap in this new and dynamic topie by exploring the 
origins and development of alchemy, and the philosophy of this ancient “art”, 


SamT KR. HAMARNEH 


Smithsonian Institution 
Waskiagton, D.C. 


G. J. Toomer. Diocles, On Burning Mirrors, The Arabic Translation 
ofthe Lost Greek Original. Edited with English translation and commentary. 
Berlin-New York, Springer-Verlag, 1976. 249 p. Sources in the History of 
Mathematics and Physical Sciences. 827.90, 


In the 6th century Eutocius (a friend of Anthemius) produced a valuable 
series of commentaries on ancient Greek mathematics, written perhaps at 
Alexandria. In his commentary on Archimedés’ Sphere and Cylinder IT he 
quoted passages from several earlier authors on the problem of doubling 
the cube, and in particular he quoted (or rather, he paraphrased) several 
pages from a treatise On Burning Mirrors by a certain Diocles, employing 
conie sections and also a special eubie curve for solving eubic equations. That 
commentary by Eutocius was translated together with the text of Archimedes 
into Arabic and then into Latin (Grst by William Mocrbeke in 1269, trans- 
lating from the Greek text), and later into many modern languages, They 
have been printed together in every major edition of Archimedes since the 
editio princeps, in 1544. 

Much controversy has raged over the dating of Diocles, with various 
investigators suggesting dates from the 3rd century B.C. to the lst. The full 
Greek text of Diocles is lost, but in 1905 Eïlhard Wiedemann drew attention 
to a lâth-century Arabic encyclopaedist’s reference to Diocles having proved 
that burning mirrors should be paraboloidal; which suggested that Diocles’ 
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Herbs were plentiful, easy to secure, and most convenient 10 gather and utilize. 
Soon the herhometallic drugs developed. Finding and compounding such 
“miracle drugs and panaceas” led 10 the belief in rejuvenation, and even- 
tually to immortality- the final goal of Rasayana. Here enters, likewise, the 
philosophic-religious thinking and exercises — yoga. 


This reviewer disagrees with the author in identifying such a process 
with the elixir (Arabie ikstr) of the Muslim alchemists. Basically, the iksir 
(or the philosopher'e stone) is considered to be that special element or compound 
that, once prepared and “isolated”, when treated with lesser metals trans- 
forms them into silver and gold. This Islamic notion of alchemy based on 
Greek writings embodies the rational concept that elements are transformable 
from one condition to another, hence from one metal into a more honorable 
one under the right amount of pressure, temperature, and other natural forces 
and conditions. To the alchemist, this meant the application of fire and other 
techniques and “potent"' ingredients including the elixir to speed up the 
work of nature, His chemicals, fire, drugs, and equipment achieve in a very 
short interval what might take nature a long time to attain. 


Indian alchemists introduced instead, imaginary and possibly pagan 
religious and philosophical practices, exercises, and theories quite foreign 
10 their Muslim counterparts. The Indian alchemist believed in resurrection 
of the body as explained in Christian teachings as well as in beathen mytho- 
logy. Here it is believed that the perishable part of the human put on the 
imperishable nature, and the mortal that is capable of dying put on immor- 
tality, acquiring freedom from death. These constituted the true precepts 
of Indian alchemy as explained by the author. 


In reviewing and examining several original Arabic alchemical tre: 
tises even those abounding with symbolism, this reviewer found that Muslim 
alchemists were primarily seckers of material riches. Religious and spiritual 
values and rewards were found there no more than in contemporary writings 
in the arts and sciences, More “piety” entered into later compilations as a 
cover-up for failure, or as a hypocritical eloak put on for protection, or as 
a ray of hope amid continuous disappointments in achieving what had been 
sought in vain. Much “spirituality"” was perhaps to deceive or for self-decep- 
tion, In the Arabic alchemical literature, kimiy& is essentially an art, an honore 
able one ({ sind‘ah sharifah ) by which material ends are attained and riches 
gained with high prestige. It was not primarily intended to promote imag- 
inary spiritual values or ascetic dreams and religious aspirations, 


In fact, one finds it difficult to appreciate the logic followed by the 
author in assuming the original theory for ascetic rejavenation and immor- 
tality as the origin of alchemy. He states that senior citizens were looked upon 
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S. Mabdihassan. Indian Hlchemy or Rasayana in the Light of Asceticism 
and Geriatries, New Delhi (India), Institute of History of Medicine and Medical 
Research, 1977. x + 139 pages, 85.00. 


Here at last is a book on alchemy in India that departs from the 
traditional historical studies carried out in the West for the last two 
centuries, It makes for some of the finest reading on the subject. Although 
this reviewer disagrees svith the author on many essential interpretations, 
this in no way minimizes the importance of a praiseworthy contribution to 
the history of alchemy. 


For elarity and organization, Dr. Mahdihussan divides this brief text 
into over sixty chapters - à ease of oversimplification, But the reader will 
greatly benefit from its objective, straightforward approach and thoroughness. 


Following a foreword by Prof, S. H. Nasr, the author presents a very useful 
introduction summarizing his analysis of the topic and the discussions that 
follow. He also gives a select bibliography and seven previously published 
illustrations. In the discussions, he asseverates the antiquity of alchemy in 
India, associating its origin with yoga. Ie refers to this “art” as a living 
“cultural fossil”,the product of alchemists who led a life of asceticism and 
sought geriatric treatment. He explains how human concepts and the appli- 
cation of asceticism changed man's belief from animis t6 dualism in a develop- 
ed society realizing the creation process. Here the interpretation of how the 
two opposite sub-souls of male and female (the Yang and Yin of China and 
the Brahman and Atman of India) in their union led to immortality - the 
dream and goal of Rasayana. This, in the author's opinion, is the source of 
Indian alchemy defined by Patanjali as the Rasayana. It denotes health 
restoration, and with its specially prepared medications causes rejuvenation 
and makes one immortal. At this point, the author introduces the Indian 
deity, Shiva, who modified Rasayana and founded alchemy, which in turn 
modified him. The connection, however, seems the result of Jegendary tradi- 
tions and folklore rather than a historical development. The insistence of 
the author upon defining the exact origin of alchemy, and upon naming its 
founders seems to be a well-nigh unattainable pursuit. 


To interpret the appearance of Rasayana, the author skilfully describes 
the impact of two disciplines: medicine and philosophy, or rather, Indian 
philosophic-religious thinking. Since healthy living, virility, and longevity 
Wôre the alchemist’s primary objectives, medicine then eutered the picture. 
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rabbinieal text is placed between the two treatises written by Ibn Mu‘ädh, 
namely Kitäb majhäla (fols. 49-74) and the Mafrah al-shu°afat (fols. 76-81), 
it clearly refers to the Kitäb al-asrär (fols. 1-48) because it is the only one 
in which mechanical devices, corresponding to Ishäq b. Sid's allusions, are 
mentioned. 

All this, of course, agrees with the fact that all the dates mentioned 
in the manuseript (until fol. 105) correspond 10 the reign of Alfonso X. We 
have, therefore, the only spécimen remaining of a manuscript copied in his 
Toledan court. The link suggested by Hill, between the use of mercury as a 
souree of power in one of the clocks described in the Kitäb al-asrar and in 
another one contained in the Libros del saber de Astronomia, becomes very 
probables 


4: Furthermore the Libro de las Armellas quotes Ibn Mu‘ädh'e system for taquim al-buyüt in a 
way sinilar 10 Tbm Muädh's in his Ma/rah al-shuà"ät which, a6 we have seen, is found in the 
manuseript. 


Note 


The “World Directory of Historians of Mathematics”, first published 
in 1972, has just appeared in a second, revised and much enlarged edition. 
Listed are about 1200 scholars who are devoting at least part of their time 
to teaching and/or research in the history of mathematies, Besides the cur- 
rent address, the main fields of interest of each person is given. Indexes 
by felds and by countries follow the alphabetical list. 


Prepared by K.0.May (1915-1977) and Laura Rocbuck, the new 
edition (iv +92 pp.) muy be ordered from the International Commission 
on the History of Mathematics, 11 Evergreen Gardens, Toronto, Ont. M4G 
1C4, Canada. Price: 87.00 if payment is inclnded with order; $1.00 extra 
for postage on billing with shipment. 


C. J. ScriBa 


NOTES AND CORRESPONDENCE 


A Further Note on a Mechanical Treatise Contained in 


Codex Medicea Laurenziana Or. 152 
Mama Vicronta ViLLuENDAs* 


The importance of the Codex Medicea Laurenziana Or, 152 has recently 
been emphasized by Drs. D. R. Hill! and A. I. Sabra? I also have been ac- 
quainted with this manuseript since 1973. although at that time, L was 
mainly interested in another of the works contained in it: the Kitäb majhulat 
gisi al-kura by Ibn Mu‘ädh al-Jayyänt which was the main subject of my 
Ph. D. thesis® Therefore 1 have a certain knowledge of the Ibn Muä‘dh 
style which allows me to confirm Sabra’s hypothesis; 1 do not think Ibn Mu‘ädh 
can be considered the author of the Kitab al-asrar ff nat&’ij al-afkär and agree 
with Sabra concerning the name of the author (Ab)mad or (Mubam)mad b. 
Khalaf al-Murädi. The nisba al-Murädi appears frequently in Ibn Hayyän’s 
Mugtabis and in other Andalusian texts of the 101h and 11th centuries. He 
might, of course, be the Abu'l-Hasan “Abd al-Rahmän b. Khalaf b, “Asäkir 
mentioned by Said of Toledo, as proposed by Sabra. 


In the preliminary survey of the Kitdb al-asrär certain data contained 
in fol. 75 should be taken into consideration. In it there is a text written in 
Andalusian dialect, but in rabbinical Hebrew script. I have been able to read 
itthanks to the very valuable help of Professors Fernando Diaz, David Romano 
and Juan Vernet of Barcelona University. The text states that Ishäq b. Sid, 
the famous Jewish translator and scientific collaborator of the Castillian 
King Alfonso X, was the copyist of the mannscript. He knew only one manu- 
seript of the work, the one be used, which increased his difficulties in under- 
standing the Kitäb al-asrär. But his efforts led him to an almost complete 
reconstruction of the majority of the models described in the work, and he 
failed to understand only a few of them due to the incomplete state of the 
original manuécript or to difficulties impossible to overcome. Though this 


* University of Barcelona. 

1, Donald R. Hill, “A Treotise on Machines by Ibn Mu‘ädb Abü “Abdalläh al-Jayyänt" 
JHAS, 1 (1977), 34-44. 

2. A. L. Sabra, “A Note on Codex Bibliotecs Medicea-Laureuziana Or, 152", JHAS, 2 (1977), 
276-283. 

3. Read at the University of Bareeloon on the 2nd October 1975, now in press. 
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Thus his contributions to our field, while rivalling in significance those 
of many professionals, were made by an amateur. They were carried through 
in time snatched from the requirements of a demanding profession. AI the 
more remarkable was it that, for example, any book review written by Herme- 
link was the fruit of deep and meticulous examination of everything the volume 
contained. This quality of his was the source of shamed admiration on the 
part of those of us who resent every minute spent in reviewing the books of 
others as being time lost to one’s own work. 


His own publications in the history of science were wide ranging, and 
included: recreational mathematics, number theory, magie squares, analemma 
methods, trigonometry, and Archimedean treatises which have survived in 
Arabic only. To these topics he brought allthe virtues traditionally associated 
with German scholarship. His untimely death is a grievous loss to the many 
colleagues who counted him a personal friend, and a sethack to the history 
of Arabic science. 


Éloge 
HEINRICH HERMELINK 


11 DECEMBER, 1920 - 31 AUGUST, 1978 
By E. S. Kennedy* 


As an infant, Heinrich Hermelink was a victim of poliomyelitie. and 
survived only as a severe cripple. Hence for him mere day-to-day living, let 
alone professional accomplishments, represented a centinuing triumph over 
dire adversity. The physical disability made any public appearance inevitably 
conspicuous, and his wheslchair, his gracions wife. and he made up a poigpant 
group familiar to historians of science attending scientific meetings. 


In 1947 Hermelink graduated in physics from the Munich Technische- 
hochschule. Following this he studied oriental languages and the history 
of mathematics at the University of Munich, taking the doctorate in 1952. 


From a remark dropped by him in a conversation, one gathers that 
an academic career would have been most congenial (his father was a professor 
of chureh history at the University of Marburg), but continuing medical 
treatment demanded a more lucrative vocation. He entered a patent agency 
in 1952, and in 1957 commenced independent practice as a patent lawyer. 


“Institute for the History of Arabie Science, University of Aleppo, Aleppo, Syrin. 
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Thus there were several accepted qibla values in Cordova, and even 
astronomers such as Ibn al-Nattäh preferred to invite his readers to choose 
their favorite one rather than take the trouble to compute one consistent 
with the mathematical and geographical knowledge of his time, 


Appendix B 
Arabic Texts 


In this appendix 1 present the Arabic texts of (1) the chapter on the 
“sundial” by Ibn al-Saffär taken from the K. Nata'ij al-afkar of al-Murädi: 
€)the anonymous chapters on the meridian altitude and qibla at Cordova 
from the same work; (3) the passage on the same “sundial"” by Maimonides; 
(4) an extract from the chapter on the gibla in the treatise on folk astron- 
omy by al-Hasan b. “AIT al-Umawï; (5) the passage on the gibla at Cordova 
in the treatise on the astrolabe by Ibn al-Safär; and (6) the chapter on the 
gibla in the treatise on the astrolabe by Ibn al-Nat{äh. 
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Plate 6: The sundial of the Mosque of Sidi Okba in Qayrawan. 
(Courtesy René Rohr) 


Plate 5: À fourteenth-century Tunisian sundial displaying the times of prayer. 


(photo Alain Brieux, courtesy Francis Maddison) 


Plate 4: The Granada sundial. 


(photo Abumax) 


Plate 3: The Almeria sundial. 


(photo Abumax) 


Plate 2: The sundial of Ahmad b. al-Saffär. 
(Courtesy Museo Arqueologico Provincial de Cordoba) 


(Courtesy Harvard University Library ) 


Plate 1: The horizontal sundial illustrated in the Libros del Saber. 
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In his geographical tables! al-Battänt gives the following coordinates 


L e 
Cordova 27:00 38:380(?) 
Mecea 7:0 21:40 


With his geometrical construction we derive from these coordinates 
that the gibla at Cardova is about 23° S. of E., which is precisely the value 
attributed to “the astronomers” by Lbn al-Nattäh.* I bave no information 
on Abu’l-Qäsim al-Snyry who is quoted by Ibn al-Natfäh in the same context. 
The “eorrect” qibla for these coordinates, derived using the aceurate 
mathematical formula, is 119 $. of E.. and this is only 1° of" the modern 
gibla for Cardova, wbich is 109$. of E. 


Jbn al-Nattäb’s remark that the Jämi° mosque in Cordova is at 600 
(S. of E.) is incomprehensible ta me because, as noted above, the Great Mosque 
of Cordova bas its gibla wall due south. Ibn al-Naträh”s other statement that 
most of the mosques in Cordova are laid ont according to the opinion of al- 
Battäni, that is, at 230$. of E., or at 309$. of E., that is, the direction of the 
risiog sun at the winter solstice, will be, or should be, of interest 10 historians 
of Andalusian architecture. 


From the Granada sundial we know that south-east was also used as 
the qibla in Andalusia. The direction 45° S, of E. would have been handy 
for the gibla in Andalusia since. as Tbn al-Nattäh says, the legal scholars thought 
that the whole (south-eastern) quadrant was the gibla. The qibla indicator 
on the Tunisian sundial also points due south-east, and although this gibla 
is grossly inaceurate for Tunis, it is a happy compromise between due east 
and due south, both of which directions are attested for giblas of medieval 
Maghribi mosques. 


je AS; Melinos 11, pe 24-242. The reading of the minutes in 1be latitude of Cordovs appears 10 
be in error. 

16. Other medieval-coordinates yield similar but not identieal results. For example, al-Marräkusbt, 
an astronomer of Morocean origin who worked in Cairo ca. 1280. recorded the following geographical 
coordinates (Sédilot-pére, T, pp. 202-204 and 315-317): 


"a method I derive a qibla of 21° S. of E. Again, in the Toledan Tables, a hodge- 
podie of tables eulled mainly from the Zijes of al-Battäaï aud al-Khwärizmi, and compiled in Toledo 
in the thirteenth century, we find the following coordinates (Toomer, pp. 144-139, nos. 3 and 16): 
L ? 

Cordoya 9:20 38:30° 

Mecca 67:0 2140 
‘These coordinates are derived from those of Prolemy, and were uced by al-Khwäriemï. L compute 
that they yield a qibla of 205 5. of E. using al-BattänT's method, 

17. CF. King 2, p. 190-191. 
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The treatise on the use of the astrolabe by Ibn al-Saflär* published 
by J. Millës Vallierosa. contains a remark (Appendix B, extract 5) that the 
gibla at Cordova is 30° south of east. The treatise on mechanical devices 
entitled Kitb al-Asrér fi nat&ij al-afkär by Ibn Khalaf al-Murädi® concludes 
with a chapter on the qibla at Cordova (Appendix B, extract 2), in which the 
author states what is equivalent to an assertion that the gibla there is in the 
direction of the rising sun at the winter solstice. The two directions given 
in these two sources are in fact the same,’ and al-Murädÿ's definition explains 
the value of Ibn al-Saffär. 


The local direction of the rising sun at the winter solstice was also taken 
as the gibla in early Muslim Egypt. The justification for such qibla determina- 
tions appears to result from an early Islamic tradition of using al-Jady, the 
Pole Star, to find the gibla.* As we have seen in the treatise of al-Hasan b. Ali 
al-Umuwi, what was intended was that if one stood with one's back to the 
Pole Star one would be facing the gibla. Since one would be in fact facing 
due south, this injunetion is valid only for points due north of Mecca. How- 
ever, when Muslim domination extended eastwards and westwards, another 
interpretation was given to the injunction, and al-Jady was taken to refer 
to the sign of Capricorn. At the winter solstice the sun is at the first point 
of Capricorn: its rising point was used for the gibla in Egypt and Andalusia, 


À fourth discussion of the qibla at Cordova oceurs in à treatise on the 
use of the astrolabe by an individual named Ibn al-Nattäh,® extant in the 
unique copy MS London B.L. 9602, (fols. 1v-24v, copied ca, 600H), Ibn al- 
Nat{äh’s treatise was apparently well esteemed in its genre: a note in MS 
Cairo Där al-Kutub hay'a 10, fol. 39v, copied after 1163H by a Maghrib 
astronomer, states that the best treatises on the astrolabe are these of Ibn 
al-Naf{äh and of Ibn al-Samb.” Ibn al-Nattäh's remarks are found on fols. 


4: On Ibn al-Saffär éee note 9 above, 

5. Millés, p. 65 of the Arabie text. 

6. See note 22 above. 

7 For @ = 386 (the latitude of Cordova is actually 37:53°) and € = 23:35, the asimuth of the 
ing sun at midwinter is 30310 S. of E. For @ — 34:30, a value popular with Andalusian astrono- 
uers, the aximath would be about 30:459 8. of E. 

8. See the article Kibla in Ela. 

9, See, for example, the treatise on folk astronomy by Ibn Qutayha (f, 850), p. 122. 

10: Jbn al-Naftäh and the London manuseript of bis treatise on the astrolabe are listed in Sutor, 
No.499. He is not mentioned in Millàs (!), and I have no other information on him. 

11, On Iho al-Sarah see Sesgin, V. p. 356 (the treatise on arithmetic contained in manuscripts 
in the Escorial and ia Berlin is nôt by Tbn al-Samh) and VI, to appear. His tréatice on the astrolabe 
isextant jn the unique copy MS London B. L. 9602,2 (fole. 25v-53v, copied ca. GUUH. defective at 
ed). This treatise of course contains a chapter on the determination of the gibla, but no values are 
siven for anywhere ia Andalusin. 
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comprises four main sets of markings: (1) graduations around the edge of the 
sundial from which the hour-angle can be read using the shadow of a thread 
attached at the centre of the graduatious and oriented in the direction of the 
celestial pole; (2)markings displaying the seasonal hours since sunrise and 
before sunset: (3) markings for the zuhr%* and ‘asr, the latter being duplicated; 
and (4) markings displaÿing time relative to daybreak and nightfall. The first 
part of the sundial is called al-musatara in late medieval Arabic* and the 
development of this kind of hour-angle dial in medieval Islam remains to 
be studied. On the second part of the sundial there are no shadow-traces 
for the equinoxes and solstices, and this feature, not attested on any of the 
Egyptian, Syrian, or Turkish sundials currently known to me, may be the 
result of a Maghribi innovation in gnomonies: since it is so difficult to draw 
acceptable hyperbolne, leave out the shadow-traces altogether. 


Appendix À 
Some Medieval Values of the Qibla at Cordova 


Very few astronomical works compiled by Andalusian astronomers 
have survived in the manuscript sources, so that there is not much hope of 
recovering written material on the gibla in Andalusia’ Treatises which 
deal with the determination of the gibla without giving specific examples 
do not concern us here, and I have found references to the specific values 
of the gibla in Andalusia in only four Andalusian treatises. Details follow. 


The treatise on folk astronomy written by the late twelfth century 
Cordova scholar Abü “Ali al-Hasan b. ‘Ali b. Khalaf al-Uma which is 
extant in the unique MS Escorial ar. 941 (38 fols., ca. 800H), contains a state- 
ment (fol. 26v, see Appendix B. extract 4) that to find the gibla in Andalusia 
one should stand with the celestial pole behind one’s left shoulder and face 
south. It was probably on this kind of authority that the Great Mosque in 
Cordova, which dates from ea. 785, was built with its gibla wall facing due 
south." 


20. In Janin, p.210, {he shadow increase at the beginning of the zuhr is given incorreetly as 
An rather than Yn. 

29. Cf. Janin-King, pp. 199-200 and 214. 

1. For a brief introduction 10 the determination of the gibla ia medieval Iélam see the atticle 
Kibla in EL, by A. J. Wensinek (religions aspects) and myself (mathematical aspects). 
© 2. On al-Umawi see Surer, no. 323. 

3, Grestvell 1, 11, pp. 145-146 (repeated in Creswell 2, p. 216) statod: “(The Mosque) is set, as nearly 
25 can he mensured, exactly north and sonth, although the direction of Mekka from Cardava is 109141 
S. of E", À remark such as this reflects the misanderstanding of orientations 0f medieval Islamic 
buildings common emongst historians of Islamie architecture. Such orientations are usually 10 be 
explained ja terms of medieval gibla values, if they can be explained at all, 
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888H. This treatise, arranged in 44 fasls with numerous diagrams but without 
tables, treats of the construction of horizontal sundials with markings for 
the hours and the prayer-times. This work merite detailed investigation. 


(3) An anonymous treatise on the construction of a horizontal sundial dis- 
playing the seasonal hours for the latitude of Fez, 33:40°, is contained in MS 
Cairo Taymür riyäda 141,6, pp. 146-156, copied ca, 1100H. The treatise con- 
tains tables displaying the shadow lengths and azimuths at each hour for both 
solstices, with values to two sexagesimal digits. 


(4) An anonymous Maghribi treatise on the construction of a sundial dis- 
playing the times of the zuhr. and the beginning and end of the “aÿr (corre- 
sponding to shadow increases of }n, n, and 2 n) is contained in MS Cairo Halïm 
miqât 19,3+-4, fols. 45v-58r, copied L144H. The author states triplets of both 
wimuth values and shadow lengths for each of the three times at the sol- 
stices and equinoxes. Values are given to the nearest degree or unit, and are 
stated to be for the latitude of Fez (value not stated). The azimuth values 
given for the beginning and the end of the “ayr are the same. 


(5) An isolated table of coordinates for constructing a horizontal sundial 
displaying the seasoual hours for the latitude of Marrakech, 31;30°, is con- 
tained in MS Cairo Taymäür riyäda 131,2, p. 1, copied ca. 1200H in Maghribi 
seript. 


(6) A treatise entitled Raïdat al-näzir fi kayfiyat wad° khuyüt fadl al-d@'ir 
by Muhammad al-Idrisi is preserved in MS Cairo Där al-Kutub migät 1169,2, 
fols. L1v-25v, copied 1223H. This treatise, arranged in 4 bäbs, deals with 
the construction of a horizontal sundial with markings for the seasonal and 
equinoctial hours and the prayer-times, and it contains several tables comput- 
ed for the latitude of Tunis, 36:519. The author quotes other Magbribi writers 
named Ibn al-Najjär and Abü Abd Alläh Muhammad Kwynkh (?), author 
of a treatise om sundial theory entitled Thya' alemawät fl-basa'it wa-l- 
munbarifät, as well as the two well-known Egyptian astronomers Ibn al. 
Majdi and Sibt al-Märidini.* The kind of sundial discussed in this treatise 
apparently became known in the Maghrib from the Muslim East, and its 
introduction there seems to have aceurred rather late, that is, ca. 1600, One 
Kind of late Maghribi sundial is illustrated in Plate 6, which shows the sundial 
of the Mosque of Sidi Okba in Qayrawan in Tunisia, constructed in 1258H 
(= 1842 A.D.) and recently discussed by L. Janin.®’ This kind of sundial 
is late, and not related to the Andalusian tradition. As Janin has shown, it 


26. Suser, nos. 432 and 445. 
27, See Janin, esperially pp. 208-211. 
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preserved in the unique MS Florence Medicea-Laurenziana Or. 152, fols, 
1v-48v, copied 6641 (— 1266) in Magbribi script. and the passage occurs 
on fols. 47r-47v (see Appendix B, extract 1). The same type of sundial is de- 
scribed by another scholar of Cordova, namely, Maimonides.® In his commen- 
tary on the Mishna Maimonides gave a much more succinet account of the 
sundial than Tbn al-Saffär. The text (see Appendix B, extract 3) translates 
as follows: 


A piece of marble (rukhéma) is fixed on the ground 
and straight lines are drawn (as radüi) with the names of 
the hours written on them (to form) à circle. 1n the centre 
of that circle there is a nail standing perpendicular (to the 
plave of the circle), and whenever the shadow of that nail 
is in the same direction as one of those lines, it is known 
how many hours of daylight have passed. The name of 
this instrument, which is used by the astronomers, is the 
balläta. 


Tbn al-Saffär's text confirms that what is intended is to form a semi- 
cirole with the diameter oriented east-west and the circular part towards 
the north. The twelve hour-lines are the radii at 15° intervals from west 10 
eust. There is no suggestion that the dial be oriented in the plane of the ce- 
lestial equator, when it could indeed be used 10 display equinoctial hours 
before or after midday. Rather. the dial is horizontal, and it is assumed that 
the sun rises due east and sets due west, and that its change in azimuth is 
proportional to the passage of the seasonal hours. 


À far more interesting instrument for timekeeping is described and 
illustrated by al-Murädi as the last of the thirty-one devices presented in 
his book (fals. 45r-46v). This is a horizontal dial of the kind knowa in other 
medieval Arabic souces as shémila or musätara, although in al-Murädi's text 
itis simply labelled “a kind of ballä/a®. This dial was as far as we know iuvent- 
ed by al-Khujandï in the tenth century, although the one described by al. 
Murädi may be an Andalusian invention, In any case the lslamic tradition 
of horizontal dials im general awaits study. 


() A treatise by the early fourteenth century Tunisian (?) astronomer 
Tbn al-Ragqäm® is extant in MS Escorial ar. 918,11, fols. 68v-82v, copied 


23. This passage is quoted without comment in Cabanelas, pp. 404-405. The original text was 
in Judueo.Arabie written in Hebrew characters 

24. See Janin-King, p. 19, and the references there cited. A1-Khujandr's tre 
being studied by Dr. R. Lorch. 

25. On Thu al-Raqqäm (was he Tunisia or Andalusian?) see Sur, nos. 388 and 417, Renaud, 
00.388, and King 2, pp. 191 and 192. AÏL of bis works merit detailed investigation. 


ie is currently 
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and hence to date the sundial!® For the Dunisian sundial computed g = 
37%, which corresponds quite well to Tunis, For the Cordova sundial I have 
derived g = 39149, which serves Cordova. But 1 doubt that one should at- 


tempt to compute the latitude underlying sundials as crude as the Almeria 
or Granada sundials. 


Conclusions 


Rather than assert on the basis of our investigations of the only three 
sundials known from Islamie Spain that the Andalusian astronomers were 
not competent in gnomonics, we can only conclude that these three surviving 
specimens are not particularly impressive when viewed in the light of the 
sundial theory of Abbasid Baghdad. Are there any other sundials from Islamic 
Spain ? A single dial could greatly add to our knowledge of Andalusian sundial 
construction. 


Another source for our knowledge of Andalusian gnomonies would be 
treatises on the construction and use of sundials, but there are very few known 
treatises on this subject of Andalusian or even Maghribi provenance. Besides 
the tréatise in the Libros del Saber, 1 know of only the following: 


(1) À short passage attributed to Ibn al-Saffär in a twelftb-century Anda- 
lusian treatise on mechanical devices by Ibu Khalaf al-Murädi* describes 
at length a “sundial” for measuring the hours “correctly”. The treatise is 


21. In de Orüa the Almeria sundial is dated to the end of the tenth century or the beginning of 
the eleventh by the following method. Measuring the eccentricity, e, of the “hyperbola”" for the winter 
sobtice as 2,00, and taking © =< 36950° for the latitude of Almeria, the obliquity of the ecliptic, €, 
à determined using the relation cos @ = e sia €, and found to be 23934. Neweomb's formula for 
te secular variation of € is then used to derive an approximate date for the aundial. 

22, On this treatise see King 3, p. 289. Hil 
20) is followed by a ebapter on the determination of tbe meridian, correctly attributed 10 al-Battäut 
abra, p. 290, states that this is anonymous), and by two anonymous chapters (both 
On fol. 48+) dealing with the meridian altitudes of the sun in the signs at Cordova and on the qibla 
at Cordova. These two chapters may be due to Ibn al-Safär (as suggested in Sabra, pp. 280-281). 
The solar meridiun altitudes are based on latitude 30:30 and obliquity ca. 23:30°: values are given 
0 the earest half degree for each zodiacal sig. On the value stated for the qibla at Cordova sce 
Appendix À. 

As Sabra has pointed out (Sabra, p. 278), the author of this treatise js named a. (7) 1bn Khalaf 
lMurädi rather than the eleventh century écholar Tbn Mo‘ädh ae was assumed in Hill. Howevet, 
Sabra rend the last and only visible letter of the name preceding the word ibn as a nün (= n), 
ven it is actually a dal (—d). From Toledo in the mid-eleventh century there were two scientists 
tamed “Ali b, Khalaf and “Abd Alläh b. Khalaf (Blachère, pp. 138-139) who cannot be the authors. 
Abmad b. Khalaf and Mabammad b. Khalaf, both celebrated astrolabists 6f ninth-century Iraq 
{lin al-Nadim, pp. 284-285), are also not candidates. either, most probably, are Muhammad b, 
Khalaf al-Qurqub? (d. 557 /1162). author of à legal work listed in Brochelmann. I, p. 185, or al-Hasan 
L ‘Ali b. Khalaf al-Umawi al-Qurtubi (d. 602/1203-06). author of a würk on folk astroomy listed 
in Suger no. 323, 
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XY measures the length of the gnomon, because it is about the same length 
as OW. 


We now observe that the hour-lines divide equally the two east-west 
lines: this reveals the method by which they were constructed. But how did 
the maker constrnet the first and eleventh hour-lines, AB and CD? Notice 
that AOD and BOC are more or less straight lines and that they are inclined 
at approximately 45° to the meridian. Notice also that 0 and OC are roughly 
twice OB and OD. The reason why the maker might have used the approxi- 
mation O4 = 2 OB is clear from Ibn al-Safär's sundial, Notice also that 
OA and OC are roughly twice the length x, but OA and OC should be about 
four times the length of the gnomon, so that x cannot represent the length 
of the gnomon. The directions that the maker chose for AOD and BOC are 
nice and symmetrical but not so reasonable. 


Notice that the winter-solstice shadow at the “ag, is in excess of 
the midday shadow OW by the length x. From this one might conclude that 
the length x was a measure of the length of the gnomon, but the relationship 
is fortuitous. Both the zur and “ayr curves have been drawn as ares subtended 
by the seventh and ninth hour lines. If we superimpose the Cordova and 
Granada sundials we see that the error in the time of the as displayed by 
the Granada sundial is about one hour. 


In à recent publication L have discussed in some detail the Tunisian 
sundial mentioned above,* but at the time of writing that paper 1 was not 
aware of the existence of the Granada sundial. The Tunisiau sundial displays 
four times of day with religious significance, including the guhr and the ‘ayr 
prayers and a morning prayer at the same time before midday as the ‘agr after 
midday. Each of the curves for these three times is drawn as au arc of a circle, 
as are the shadow-traces for the solstices. I have already proposed a method 
of constructing such a sundial, but 1 think that I may have placed too much 
emphasis on the possible use of calculation, or even tables of the kind well 
attested in the astronomical traditions of Egypt, Syria, and the Yemen, ra- 
ther than geometrical construction, in the marking of this Tunisian sundial. 
I also now question the validity of trying to derive the local latitude for which 
such an approximate sundial was drawn, although it is certainly more valid 
than attempting to derive the value of the obliquity underlying the markings 


20. King 2. In this paper tbe dimensions of the sandial are given (p. 147) as 24 % 34 em: red 
24 x 24 em. Alko, the time of the #a°k3b sbown on the sundial (see p. 190) does indecd relate to the 
Friday prayere: in the anonymous Morocean treatise of sundials preserved in MS Cairo Halira mdqôt 
19 the author mentions the first and second taahhub où Friday (fol. 47v). Unfortunately he gives 
no further information. 


THREE SUNDIALS 363 


drawn using a geometric construction of the kind known as analemma,i* 
or by using tables of coordinates of the intersections of the hour lines with 
the three shadow traces taken from tables prepared in advance. The only 
known tables for constructing sundials which predate the time of Jbn al-Saffar 
are those of al-Khwärizmi, compiled in early ninth century Baghdad,! and 
displaying the coordinates of the intersections of the hour-lines with the two 
solsticial traces. Al-Khwärizmi gave values of the shadow length, measured 
from the foot of the gnomon, and the azimuth, measured from the east-west 
line, for each hour at both solstices axd for a series of terrestrial latitudes, 
including 38° and 400. In view of the fact that some of the hour-lines on Ibn 
al-Saffäars sundial consist of Lo segments drawi: between each of the shadow- 
traces for the solstices :.:€ that for the equinoxes, it follows that if he used 
tables, then they must have displayed coordinates for the equinoxes, although 
these are superfluous since the hour-lines are taken as straight lines. To con- 
struct the lines using an analemma one likewise needs only two sets of points. 
But Ibn al-Saffär used three. Furthermore, the fact that the segments be- 
tween the shadow traces at the equinoxes and the summer solstice for the 
third, fourth, fifth, seventh, and eighth hours are more or less parallel to the 
meridian indicates the seriousness of his error. The curve for the zuhr was 
probably constructed by joining the three points on the shadow traces which 
are such that their distance from the gnomon is the meridian shadow increased 
by the standard one quarter of the length of the gnomon. However, one might 
think from looking at Ibu al-Saffär's sundial that the zuhr was at about 14 
seasonal hours after midday at the sammer solstice and at about 214 seasonal 
hours after midday at the winter solstice. In fact, the curve for the zuhr should 
not cross the eighth hour line.3 


The remains of Ibn al-Saffär’s sundial do him little credit. One might 
have expected something better from one of the leading astronomes of 
Andalusia, when that province of the Islamic world was close t0 its cultural 
ænith. Nevertheless Ibn al-Saffär's sundial is a better specimen than the 
two that we shall investigate next. 


(b) The Almeria Sundial 


The second sundial is preserved in the Museo Arqueolôgico de Almeria, 
and is displayed in Plate 3. It has been described by Juan J. de Orüs (1956) 
and Dario Cabanelas (1958). A substantial part of the western half of the 
sundial is missing, and the maximum dimensions of the remaining portion 
of the marble slah are 28 x 29 em. 


13. On the analemima see Neugebauer, pp. 214-218 and the references there cited. 
14, See note 5 above. 

15. Cf. King 2, p. 191. 

16. Cf. de Orus, and Cabanelas, pp. 392-394. See also note 18 below. 
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meridian.#t This hole has been violated by the gnomon to such an extént 
that its centre is no longer on the meridian. À segment perpendicular to the 
right edge of the sundial when extended passes through this hole and rep- 
resents the east-west direction. The three lines which are drawn across the 
meridian are: closest to the hole, the hyperbola representing the shadow 
trace at the summer solstice (when shadows are shortest), next. a straight line 
representing the shadow trace at the equinoxes, and, furthest from the hole, 
thé shadow trace at the winter solstice (when shadows are longest). The lines 
drawn across these three lines indicate the seasonal hours of day, starting 
at the first on the right, then the second, third, fourth, and fifth, then the 
sixth, which is precisely midday because we are dealing with seasonal hours 
that are one-twelfth divisions of daylight, and then the seventh and eighth. 
The hour-lines are marked &khir al-ülä, “end of the first (hour)”, &khir al- 
thäniya, “end of the second (hour)”, etc. The curve close to the left hand edge 
of the sundial indicates the time for the guhr prayer. We may presume 
that the sundial originally bore a curve for the beginning of the Sagr prayer 
as well. 


We now investigate the markings more closely, firstly 10 éstablish the 
underlying latitude, and secondly to ascertain the accuracy of the markings. 
AU of the measurements are based on the photograph illustrated in Plate 
2. The length of the gnomon is n — 9%, mm., and the midday shadow at 
the winter solstice OW is 1844 mm. Thus 


9% cot (3 — €) = 18% 
s0 that 
cot(f—:) = 1:57, P—es270 and p+c= 680 
But e = 23;300, so that 
æ = 39:30, 
which is elose to the standard medieval Islamic value for the latitude of Cordova 
38:300.% The accurate value for Cordova is 37,530, 

À glance at the sundial reveals several defects. Firetly, the equinoctial 
shadow trace is not a straight line, as it should be. Secondly, the lines for 
the third and fourth and eighth hours are not straight, as, in a sundial of this 
size, they should be, These defects are so obvious to anyone with the most 


modest knowledge of gnomonics, that we may well wonder why Ibn al-Saffär 
put his name to the sundial. We cannot be sure whether the markings were 


11. Cf. Cabanelas, p. 396, where it ie soggested that the circle serves no purposo-othor than 
decoration. 

12. This is eusily confirmed by consultation of thé computer print-out of medieval Islamic geo- 
graphieal coordinates described in Kennedy-Haddad. 
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in Andalusian practice are that the gnomon shadow sball have increased 
beyond its midday minimum by Y n and n, respectively (see Fig. 3).7 


(a) The Cordova Sundial 

In the Museo Arqueolôgico Provincial in Cordova there is a fragment 
of a horizontal sundial, illustrated in Plate 2, which was found in the Camino 
Viejo de Almodovar in Cordova. It has been published by Samuel de los Santos 
Jener (1955) and Dario Cabanelas (1958)* The instrument bears the name 
of Ahmad ibn al-Saffär, an astronome of some renown who worked in Cordova 
about the year 1000 A.D. and is thus the oldest surviving Islamic sundial, 
although it has not been previously identified as such.® 


The remains of the Cordova sundial consist of à little more than half 
of the original instrument. The dimensions of the original sundial wvere 48 em. 
{approx,) x 34.5 om. x 4.5 em. The inscriptions are in elegant floriated Kufic, 
and the maker's name appears in the upper right corner, The cardinal direc- 
tions are marked on the sundial, which is broken just to the left of the meridian, 
or north-south line. The hole on this line once carried a vertical gnomon, 
the length of which is indicated by the radius of the circle to the right of the 


7. On the times 0£ prayer in Islam see Wiedemann-Frank, À. J. Wensinck's article Mfkat in Elys 
and King 4. For an explanation of the definitions in terms of the increase of the «badow see King 
2. Appendix B. À more detailed study on the origin of the definitions of the times of prayer in Islam 
is in preparation. 

8. Cf. de los Santos and Cabanelas, pp. 394-396. See also notes 10 and 11 below 

9. Ou Ibn al-Saifär see Blachère, p. 131, and the article by B. R. Coldetein in Es. III, pe 924, 
aud the references there cited, ta whieb add now Seszin, V, pp. 356-357, and VI, to appear. Ahmad 
bn al-Saffär had a brother Muhammad who was a maker of astrolabes (cf. Mavrr, pe 75, for details 
of an instrument made by him in the year 1029). 


Abu al-Saffär was a student ôf the Andalusian astronomer and mathematician Maslama al-Majei(f, 


of the vinth century Baghdad astronomer al-Kbwärizi (on whom see G. Toomer's article in DSB), 
Ibn al-Saffr also compiled a «tj based on the methods of the Indian Zij nl-Sindhind (Kennedy, n0. 
17). Only the introduction to Ibn al-Safär's <ÿj survives, namely, in an Arabie manueeript written 
in Hebrew characters preserved in the Bibliothèque Nationale in Paris (tbe tables in this manuseript 
ae not related to Ibn al-Saffär). His only other knowa work is a treatise on the use of the metrolabe, 
which was popular amongst later Muslim astronomers and is extant in several copies (the Arabie 
text of this treatise was published by J. Milläs Vallicrosa ia 1955), and was also translated into Latin 
and Hebrew. In bis later years Ibn al-Saffär moved from Cordova to Denis, where he died in Uic year 
1035. 

10. In de los Santos the name is read Ahmad b. al-Talb, and in Cabanelas. p. 396 as Abmad b. 
akSuwwär, 1 agree that the reading jawwér is easier to justify than saffür (the dot over the middle 
radical is a sorateh), bat Grathy ‘*sawwär"" je not attested as a name meaning “diseñador, delineaste, 
pintor”, and secundly Ahmad b. al-Saifär was a well-kmown astronomer of Cordova. 
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The three sundials are preserved now in three different museums in 
Spain, and 1 shall henceforth designate each of the sundials by its present 
location. namely, Cordova, Almeria, and Granada. AI of the sundials are 
of the horizontal kind designed for a specific latitude and displaying the sea- 
sonal hours of day. Such sundials were used already in antiquity,t and are 
described in the earliest Arabic treatises on sundials,® They are also described 
in the thirteenth century Andalusian Libres del Saber (see Plate 1).* 


Two of the Andalusian sundials are broken, but each of them displays 
all or parts of three main sets of markings. These are (a) the north-south line 
and shadow-traces for the solstices and equinoxes; (b) the hour lines for each 
seasonal hour of daylight from the end of the first hour to the end of the elev- 
enth hour; and (c) the curves for the midday (zuhr) and afternoon (‘ayr) 
prayers. Each sundial was originally ftted with a gnomon erected vertieally 
in a hole in the sundial; in all cases, these gnomons are now missing. 


1 shall use the following notation freely. The points at which the shadow 
traces for the summer solstice, equinoxes, and winter solstice, intersect the 
nortb-south line (see Fig. 1) are labelled S,E, and W. The base of the gnomon 
is 0, and its length is n. The most commonly used length of the gmomon in 
Tlamie sundial theory was 12 units. Clearly, for a locality with latitude g 
{see Fig. 2): 


OS = n eot (ÿ + :); OE — n eot & ; and OW — n cot (g— <), where 
€ is the obliquity of the ecliptie and 9 = 90° — &. For Andalusia y = 38° 
and approximately OW:0S = 7%;:1. Also, E is ronghly at the point of 
trisection of SW closer to S, s0 that approximately SE:EW = 1:2. The 
lines for the first and eleventh hours between the summer shadow-trace and 
the winter shadow-trace are labelled AB and CD. 


The standard definitions of the times for the zuhr and ‘ar prayers 


4. See Gibbs, pp. 39-42 and 323-338. 

$. See Sexgin, VI, passim. An important aspect of these treatises is the tables of coordinates for 
marking sundials which some of them contain. Î am currently preparing an edition of al.Khwärizmi's 
sandial tables, and a survey of all later Islamie sundial tables. For a brief introduction see King 
App. 51-53 and 56. 

6. Libros del Saber, IV, pp. 1-23. No author is associated with this treatise, which was written 
#specially for Alfonso X because no book on the subject could be found which was ‘complete in. 
itself” (Procter, p. 18). Ie is in two parts arranged in 14 and 4 chapters, and deals with the construc- 
tion and use of a horizontal sundial marked for the seasonal hours (see also Cabanelas, pp. 400-403). 
The treatise contains tables of the solar declination. and the sine and cotangent functions, but no 
Aables or geometrical procedures for constracting the kind of sundial described in the text. The latter 
À distinguished from the three Andalusian sundials described in this paper by the inclusion of circles 
drawn about the gaomon corresponding ta the shadows of each 5° of sélar altitude, and by the fact 
that there are no curves for the prayer-times, since these would no longer be of concern to a Christian 
reuder. 


Three Sundials from Islamic Andalusia 


Davin A. Kinc* 


In memory of my friend Louis Janin. 


In this paper L propose to discuss three sundials from medieval Anda- 
lusia.! Each of these sundials has been published previously, in the sense 
that photographs and a list of the Arabic inscriptions have been published, 
but in the present study I shall attempt to investigate the markings on the 
sundials beyond a mere description thereof. These markings cannot be fully 
explained in terms of our present knowledge of Islamic gnomonics, but I 
anticipate that the publication of the répertory of Islamic astronomical in- 
struments currently being prepared by À. Brieux and F. Maddison, which 
will include all known Islamic sundials,’ will serve to revive some interest 
in a subject which has hardly progressed for several decades. Hence it seems 
worthwhile to present these sundials anew and to point out the various prob- 
lems associated with each one, 


* American Research Center in Egypt, 2 Midan Kasr el-Doubars, Garden City, Coiro, Egypt. 

1. The research on medieval Islamic science conducted at the American Research Center in Egypt 
during the years 1972-80 was sponsored mainly by the Smithsonian Institution (1972-40), and alko 
by the Natioual Science Foundation, Washington, D. C. (1972.80) and tbe Ford Foundation (1976- 
19). This support is gratefully acknowledged. 

The Cordova sundial was brought to my attention by my friend Dr. Lisa Golombek of the Royal 
Ontario Museum and the University of Toronto. À photograph of the sundial. together with informa- 
tion on its size and provenance, was kindly provided by Sra. Ana Maria Vicent Zaragosa, Director 
of the Museo Arqueolégico Provincial in Cordova. The fact that the sundial had been published 
and the existence of the Almeria and Granada sundials came to my attention during an annual visit 
to the Sterling Library at Yale University in the spring of 1978. À photograph of the Tunisian sandial 
from the archives of Mr, Francis Maddison, Curator of the Museum of History of Science, Oxford, 
was kindly provided by M. Alain Brieux of Paris. À photograph of the Qayrawan sundial was kindly 
provided by Cupt. René Rohr of Strasbourg. Prof. Owen Gingerich of Harvard University kiadly 
obtained for me a mücrotilin of the Libros del Saber from Harvard University Library. Finally, it is 
a pleasure to record my gratitude to those libraries which bave supplied me with microfilms of mu- 
auseripts in their collections, including the Egyptian National Library in Caro, the Biblioteca de 
El Escorial; the Biblioteca Medicea-Laurenziana in Florence; and the British Library in Loudon. 

2. Each of the publications (de los Santos où the Cordova dial; de Orüs on the Almeria dial; and 
Cabanelas on all three Andalusian dials) contains errors of interpretation, aod noue of them points 
out any of the defects of the dials. However, Cabanelas provided useful physical descriptions of each 
of the dials and put them in the context of earlier Greek sundials and the treatise on sundials in the 
Libres del Saber. 

3. Until now the only general repertory of Islamie sundials as heen Mayer. 
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1-3. Sédillot, Traité des Instruments Astronomiques des Arabes composé au trei- 
xième siêele pat Aboul Hhassan Ali de Mare, 2 vols. (Paris, Imprimerie Royale, 
1834-1835). 


F. Sengin, Geschiehte des arabischen Schrifitums. Band 5: Mathematik, Band 6: 
Astronomie und Astrologie, (Leiden, E. J, Brill, 1976 and 1979). 


H- Suter, “Die Mathematiker und Astronomen der Araber und ibre Werke'*, 
Abandlungen zur Geschichte der mathematischen Wissenschafian, 10 (1900). 


G. Wiet, Les Mosquées du Cuirs (Paris, Librairie Hachette, 1966). 
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un dessin (voir PL 5). Ce cadran comporte un demi-cadran à droite qui montre 
le temps écoulé depuis le lever du soleil (et du même coup le temps qui reste 
à courir jusqu’à midi et à la prière qui y est associée, le zuhr). Les courbes 
des heures sont dessinées pour chaque dix degrés équinoxiaux et les valeurs 
sont indiquées sur la courbe du Cancer comme suit: 20°, 30°, . . . 1000 (le 
maximum pour la latitude 30° est environ 104740). Le demi-cadran à gauche 
montre les degrés qui restent jusqu'à l'ayr comme suit: 50°, 40°, 30°, 20%, 
10°, puis la courbe de l’‘ar même, puis les degrés qui restent jusqu’au coucher 
du soleil (et à la prière du maghrib) comme suit: 509, 40°, 30e, 200, Voici done 
un cadran bien utile pour la mosquée, qui sert à montrer le temps qui reste 
à courir jusqu'aux temps des trois prières: zuhr, “ayr, et maghrib. 


APPENDICE 
Additions et Corrections à Janin & King 


1. Nous avons omis de souligner le fait, d'ailleurs évident, que lorsqu'Tbn al-Shätir explique 
qu'il regarde l'extrémité de la boussole par le trou dans le couvercle de la boîte, il ignore la déclinaison 
magnétique. Un sièele plus tard, ainsi que nous l'avons remarqué, al-Wafa'i suggéroit une correction 
de 7° pour en tenir compte. 

2, Nous préparions notre dereription et usage du cadran polaire universel dans l'instrument d'Tbn 
al-Säyir, lorsque nous avons eu connaissance d'une illustration et d'une deseription dans Michel 
et Ben Eli, d'un cadran polaire pour une latitude déterminée construit à Acre en 1786-87. Nous re- 
produisons l'illustration dans la PI. 6. Notez qu'il n'y « pas de courbe pour l'‘yr; on aurait pu en 
dessiner une pour la latitude locale, mais elle n'aurait pas pu servir pour d'autres latitudes. I1 n'est 
pas exuet de dire, avec Michel, que le cadran d'Are était surtout destiné à régulariser les heur: 
prières. Nous ne connaissons pas d'autre cadran polaire dans le monde de l'Islam. 

Es 
est en 


te instrument déerit par al appelé al-migawwar et mentionné p. 217 note 11, 
ane armille équatoriale comme le dé‘irat al-mu*addil: mais les differentes parties se rep. 
lient et peuveat être conservées dans la boîte ronde avec couvercle qui forme la base de l'instra- 
ment. Il résulte du traité d'al-Wafa't sur cet instrument que c'était une production antérieure à 
celle du dä'irat al-mu*addil: il ve mentionne pas, par exemple. là déclinaison magnétique, se conten- 
tant de dire que l'aiguille de la boussole s sa direction ‘près du méridien". Dans un article pré 
cédent nous avons comparé le Sandäg al-yorégit d'Tbn al-Shätir avee le dé'irat al-mu“addil d'al- 
Wafa'i: akmugawaitar d'al-Wafa”i constitue un échelon intermédiaire de développement et confirme 
notre impression qu'al-Wafa'i s'était inspisé du Sandäg al-yaneägt d'Ibn al.Shätir, 


4. À la p. 213 lisez samkarahu au lieu de mubkiruhu. 


LE CADRAN D'IBN TULUN 351 


que Marcel avait à sa disposition. les renscignements qui découlent de ces 
mesures sont assez surprenants. 


En général les dessins du cadran que nous avons examinés semblent 
être assez exactement disposés, mais deux exceptions sont la courbe de 
l'éagret le tracé du solstice d'hiver. La branche gauche inférieure de la courbe 
de l'‘asr a été visiblement ajoutée plus tard pour essayer de rectifier la courbe 
originale de l’‘ayr. De plus, l'erreur de la courbe originale de l'‘asr près du 
tracé du solstice d'hiver apparaît bien provenir d'une erreur dans la position 
de l'intersection du dit tracé avec le méridien. Si nous ajoutons la longueur 
du gnomon à la distance sur le méridien entre le pied du gnomon et le tracé 
du solstice d'hiver, nous obtenons la distance entre le pied du gnomon et 
l'intersection de la courbe originale de l’‘asr avec le tracé. Celui qui a dessiné 
la courbe corrigée de l'‘asr s’est arrangé pour que l'ombre de l’agr au solstice 
d'hiver ait une longueur correcte, mais l'erreur dans le tracé du solstice d'hiver 
sur le cadran entre la neuvième heure et la onzième, resultant probablement 
d’une erreur dans la position de la marque de la dixième heure au solstice, 
rendait impossible d'obtenir en même temps l'azimut correct pour l’agr. 
Etant donné que la fonction la plus importante d'un cadran de mosquée 
est l'indication du temps des prières, on ue peut pas dire que le constructeur 
de ce cadran ait remporté un plein succès! Peut-être, d'ailleurs, avons nous 
mis le doigt sur la raison de la destruction de ce cadran, brisé en plusieurs 
morceaux, 


Enfin, nous remarquons que le seul autre exemple d'un cadran fait 
de deux demi-cadrans superposés que nous connaissions se trouve dans un 
traité sur la gnomonique par le muoaggit égyptien Ibn al-Muballabi, écrit 
au Caire en 829 H. = 1425—26 J. C." Ce traité existe dans un beau manuscrit 
unique conservé à la Bibliothèque de Chester Beatty à Dublin, numeroté 
3641 et copié à Alexandrie en 858 H — 1455 J. C. Ibn al-Muballabï commence 
son traité par un éloge d'al-Maqsï, en ajoutant que le lecteur qui veut en 
savoir plus que ce qu'il va exposer dans son traité doit se tourner vers le 
compendinm d’al-Marräkushi. Puis Ibn al-Muhallabi presente de nouvelles 
tables (voir PL 4) et de nouveaux dessins pour construire les cadrans horizon 
taux, verticaux, et inclinés, tous calculés pour la latitude du Caire. 300, Parmi 
ces textes on trouve des tables pour tracer un cadran à deux moitiés avec 


6 Si n est In distance requise en mms, none avons, du fait que la distance méridienne entre les 
tracés des deux solstices est 52 mms, et que les ombres solsticiales sont 1:21 et 16:16 unités. que 
n+52_ 1616 | 12 
a Ta 


d'où 
n+S=lîn et n=5mm. 
7. Ibn al-Muballab n'est mentionné dans aucun travail moderne sur la science islamique et on 
ne loi coruait aueun autre ouvrage scientifique. 


PI. 6: Le cadran polaire d'Acre. (photo Abumax) 
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PI. 2: Extrait du manuserit Paris B.N. ar. 2507 (fol. 137r) du traité de Abü “AIG al-Marräkushi, 
a co be here sis s pour la latitude du Caire, et les tables qui 


ENSCRIPTION ET CADRAN CEX DE LA MONQUÉE DE TOL LOU N. 


PL 13 Le cadran solaire de la Mosquée d'Iba Tülûn, reproduit par M. Marcel, et inseré comme 


illustration dans la Description de l'Egypte. 
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référer à Ibn al-Shätir ni à aucun autre astronome syrien. 


Examinons maintenant les tables d’al-Marräkushï (PL. 2) et d'al-Maqsi 
pour un cadran horizontal donnant les heures temporaires pour la latitui 
du Caire, retenue pour 30:00 avec une obliquité de 23:350, Ces deux tables 
sont reproduites dans les Tableaux 1 et 2* et il apparaît probable qu'elles 
ont été calculées indépendamment. Les valeurs ont été recalculées avec le 
calculateur électronique de l'Université Américaine du Caire,” et pour ebaque 
valeur des tables d'origine l'erreur dans le deuxième chiffre sexagésimal, 
c’est-à-dire dans les utes, est donnée entre crochets, calculée selon la 
convention: 


erreur = texte — valeur exacte 


Les deux tables sont assez exactement calculées, bien que chacune comporte 
quelques erreurs qui auraient dû surprendre leurs caleulateurs. Néanmoins 
les erreurs dans les coordonnées de l'‘asr chez al-Marräkusht pour les équino- 
xes sont bien moins graves que celles qui ont produit la branche inférieure 
droite de la courbe de l'‘agr sur notre cadran. 


Le Tableau 3 montre les coordonnées correspondant aux positions 
solsticiales et équinoxiales du cadran d'Ibn Tülün, basées sur les mesures 
prises sur la planche de la Description de l'Egypte. Pour obtenir ces coordon- 
nées on a d’abord calculé que les pieds des deux gnomons étaient à une distance 
d'environ 5 mms. au nord de l'intersection des meridiens et du tracé du 
solstice d'été’ Si l'on tient compte du caractère fragmentaire du cadran 


4. La table d'al-Marräkusht se trouve déjà dans Sédillot-père, 11, pp. 454 and 49). 
5. Le processus trigonométrique pour le calcul de ces tables est le suivant, Nous posons la latitude 
locale ?, l'obliquité £, la longitude du soleil À. Nous caleulons la déclinaison 3 solaire par la formule 
sin D sin € ain À, 
et l'équation du jour d par la formule 
sin d = tan B tan @. 


Ensuite la longueur d'une heure de jour temporaire 1 se déduit de la demi-longueur du jour D par 
in Forrs 


La hauteur du soleil k correspondant à une angle horaire égal à un multiple n de cette heure tempo- 
raire est alors fournie par la formule 
sin h = sin À sin @ + cos À cos cos (nt) 
2 la longueur de l'ombre correspondante s pour un snomon de lougueur 12 est alors 
a = 12 eot h 
Pour trouver l'azimut à nous utilisons In formule 


Sin h sin @ — sin 3 


sin a 


LT: 

Les procédés mediévaux étaient mathématiquement equivaleata aux procédés ci-destus. Île étaient 
coanus des astronomes musulmans au début du neuvième siècle, venant de sources indiennes 
où ils étaient déduit: des projections orthogonales de la sphère celeste.Etant donné que ces déductions 
n'exigent aucune connaissance de trigonométrie sphérique, il est regrettable que bien des auteurs 
modernes pensent que les anciens astronomes musulmans qui ont utilisé ces formules devaient né- 
cessairement connaître la formule du cosinus de la trigonométrie sphérique (voir, par exemple, tout 
récemment, Sesgin, V, pp. 35 et 261). 
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Moyen Age aussi comme la latitude du milieu de 4€ climat.? 


Ou ne peut pas encore tracer le dévelopement des tables islamiques 
depuis l'époque Abbasside jusqu'à l'époque d'al-Marräkusht, d'al-Magst 
et du cadran Îbn Tülün, mais les matériaux ne manquent pas pour les recher- 
ches futures. Il existe enfin des douzaines de manuscrits arabes et tures dont 
la guet sont de provenance égyptienne, syrienne et turque, qui traitent 
de la gnomonique et présentent des tables, mais qui n’ont encore jamais été 
etudiés.® (Curieusement on ne trouve presque rien en langue persane.) Toutes 
les tables qu'on trouve dans ces traités sur la gnomonique représentent 
tradition islamique consistant à préparer des tables presque pour le seul pl. 
de préparer des tables! 11 est déjà évident dans leurs compilations sur d'autres 
chapitres de l'astronomie que les astronomes musulmans avaient une véritable 
passion pour le caleul des tables.” 


IV. Analyse des dessins du cadran d'Ibn Tülin 


Ni les tables d'al-Marräkushï, ni celles d'al-Maqsi ne donnent les coor- 
données pour chaque signe du zodiaque, telles qu'elles auraient été néces- 
saires pour construire le cadran d’Ibn Tülüo. De plus nous n'avons pas d’autres 
tables égyptiennes de cadrans solaires remontant au treizième siècle ou aux 
siècles précédents. En fait les seules tables connues de cadrans solaires islami- 
ques remontant au treizième siècle et qui donnent les coordonnées pour chaque 
signe, sont celles qui ont été établies pour differentes latitudes dans le Yémen 
et le Hedjaz par le Sultan du Yémen al-Asbraf, daus son traité sur l’astrolabe, 
le cadran horizontal et la boussole magnétique, écrit aux environs de 1295. 
Le Sultan al-Ashraf connaissait l'ouvrage d’al-Marräkushi écrit à peine quinze 
ans plus tôt. Un extrait de ses tables de cadrans, montrant des tables calculées 
expressément pour la latitude de Taiz retenue pour 13;370, est reproduit 
dans PL 3. On ne connait pas de tables pour cadrans aussi detaillées depuis 
le quatorzième siècle, bien que le cadran d’Ibn al-Shätir construit pour la 
Mosquée Umayyade de Damas porte le tracé des ombres pour chaque signe 
du zodiaque, et qu'Ibn al-Shätir ait très probablement construit son eadran 
eu utilisant des tables qu'il avait preparées à l'avance. L'astronome syrien 
du quinzième siècle al-Tizini a dressé un jeu detaillé de tables de cadrans 
et presenté son travail comme une extension du traité d’al-Magsi,® sans se 


1, Voir Nallino, IT, pp. 188 et 295-296. 

8. Une exception est le traité (avec tables) de Sibt al-Märidinï (Suter, no. 445) qui a été étudié 
dans Sehoy 2. 

9, Voie Kennedy sut les manuels astronomiques appelés 
#4 56, où l'on traite des tables pour construire les cadrans 

1, Sur le Saltan al-Ashraf voir Suter, no. 394. Son tra r 
Fe 105 (149 fol 69SHDat 1 parait ai y en 2 une autre 0 éhéons ea aide que 
la hauteur l'aximuth du soleil ‘chaque heure temporaire et chaque signe que, calculée 
our la latitude du Caire, se trouve dans la traité sor Les radrant du célèbre Tbn al-Haytham ( 
Caire, e, 1025 J. C.), dont nous avons examiné le MS Teheran Majlis--Shürà 39341,1 (IL fole: 
1000H). Duns ce manuscrit tous les chiffres manquent dans la table. et nous n'avons pas eu l'occa: 
tres maruscrits de cette oeuvre. 
illustration dans l'étude citée dans la note 3 de la Section 1. 

3. Sur al-Tisint voir Suter, no. 450. Ses tables se trouvent dans le MS Vatican Botg. 105,3 (fois. 
20r-3v, eo. 900H), texte apparemment unique. 


et King 3, spécialement pp. 51-58 


res. 
se trouve dans le MS Le Caire Taymür 


consulter 
2. cf. 
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française par J.-J. Sédillot? toute la théorie mathématique et en outre des 
tables pour construire les cadrans horizontaux, verticaux, et inclinés à la 
fois sur le méridien et sur le premier vertical. Al-Marräkushi donne aussi des 
tables pour construire ces cadrans à la latitude du Caire, 30°, où il travaillait 
quelques années avant la construction du cadran Ibn Tülün. car il a daté 
son traité de 1280 J. C.* Voir en PL 2 ses tables et son dessin pour un cadran 
horizontal préparé pour cette latitude. 


Il y a un autre traité égyptien sur les cadrans qui date de la même époque 
que celui d’al-Marräkushi et qui n'avait jamais été étudié jusqu'à il y a quel. 
ques aunées. Ce nouveau traité qui a été préparé par l'astronome égyptien 
al-Magsi en 1277 J. C. soit un peu avant le traité d'al-Marräkushi, contient 
plus de cent tables pour construire les cadrans à la latitude du Caire, 300. 
Ce qui rend les tables d'al-Magsï plus complètes que celles d'al-Marräkushi, 
c'est qu'il calcule une table pour les cadrans verticaux inclinés sur le méridien 
pour chaque degré de l'inclinaison. Où est-ce qu'on doit chercher l'origine 
de ces tables Telamiques pour les cadrans ? 


Il a été découvert en 1974 un traité sur les cadrans attribué à al-Khwaärizmi 
(f. Baghdad, ca. 830 J. C.)® Ce traité existe dans un manuscrit précieux à 
Istanbul; il consiste en une courte introduction et en plusieurs tables qui 
donnent pour douze latitudes différentes entre 0° et 40° la hauteur du 
soleil, son azimut et la longueur de l'ombre d'un style de 12 unités pour 
chaque heure temporaire. Il ya des tables additionelles pour les latitudes de 
Samarra et Baghdad, et la valeur de l'obliquité employée est 23:51° (employée 
par al-Khwärizmi dans ses tables astronomiques). En 1976 quelques unes 
de ces tables ont été trouvées ajoutées au traité sur les astrolabes extraor- 
dinaires d’al-Sijzi (fl. Iran, ca. 950 J. C.), conservé dans un autre manuscrit 
précieux à Istanbul." D'autres tables de cette sorte existent dans les sources 
manuserites, Dans le manuscrit unique du texte arabe du manuel astronomique 
) de l'astronome Syrien al-Battänt (fl. Raqqa, environ 910 J. C.). C. A. 
Nallino, qui a publié ce zij, a trouvé, parmi quelques tables qui ne doivent 
pas appartenir au travail original d’al-Battäni, deux petites tables qui donnent 
la hauteur du soleil et son azimut pour chaque heure temporaire, calculés 
pour la latitude 369, employée par al-Battäni pour Ragqa et acceptée au 


2. Sédillot-père présente une traduction dé la premiere moitié da traité dans lequel on trouve une 
de la gnomonique. Sédillot-fils offre un sommaire astér mal présenté de la deuxieme moitié 


père, 1, pp. 13-14) et n'a nulle part mentionné qu'il travaillait au Caire. 
laqsi voir Suter, no. 383. 
hwäriamt voir l'article de G. J. Toomer dans DSB. Son traité sur les cadrans se trouve 
dans MS Istanbul Aya Sofia 4830, fols. 231v-235r, copié 626H/1228-29 à Damas. 
6. Sur ce traité voir Sesgin, V, p. 334, no. 34. 
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une deuxième courbe de l'‘asr fut tracée à sa gauche. C'est nettement le cas 
pour les déclinaisons septentrionales (partie inférieure de la courbe); pour 
les déclinaisons meridionales, il est impossible de distinguer entre les deux 
branches. Notre hypothèse se base sur le fait que la branche inférieure droite 
de la courbe de l'‘asr est effectivement fautive et que la branche inférieure 
gauche est plus correctement disposée (voir Section IV), 


Bien qu’il soit beaucoup plus récent (696 H — 1296 J. C.) que la mosquée 
à laquelle il était destiné (elle fat construite en 259 H — 872 J. C.), ce cadran 
est le plus ancien des cadrans solaires musulmans du Caire qu'on connaît 
aujourd'hui. Son dessin, nons l'avons vu, est original. La gravure est d'une 
exécution parfaite, Ses inscriptions sont d’une ecriture très rare: elles sont 
en caractères karmatiques de a forme la plus élégante; les points diacritiques 
y sont fidèlement indiqués. À tous ces titres et bien que nous ne le connais 
sions que par une reproduction, heureusement très exacte, le cadran solaire 
qui ornait jadis la Mosquée d'Ibn Tülüu était une pièce splendide, au moins 
à première vue. 


TIL, Sur les tables employées par les astronomes arabes pour la construction 
des cadrans 


En considérant les nombreux traités sur les cadrans écrits par des savants 
arabes aux premiers siècles de l'Islam et la pléthore de tels traités (écrits 
principalement en Egypte, Syrie, et Turquie) dans les six derniers siècles, 
on voit que le petit nombre des cadrans qui subsistent ne représeute point 
l'intensité de l’activité musulmane dans ce domaine. On connait l'existence 
de traités sur les cadrans, dont la plupart sont perdus, préparés par plusieurs 
astronomes arabes dès l'époque Abbasside (spécialement au neuvième siècle). 


Le plus complet parmi les documents les plus anciens qui nous sont 
connus à l'heure actuelle est une remarquable étude sur les cadrans plans 
qui émane de Thäbit b. Qurra, philosophe, médecin, mathématicien, et tra- 
ducteur, (fl. Baghdad, ea. 900 J. C.). Ce traité, publié et traduit par K. Garbers 
et analysé par P. Luckey,' expose la théorie géométrique de toutes les sortes 
de cadrans plats, d'une manière très rationnelle et très détaillée, précisant 
les formules diverses utilisées pour le calcul et la construction de ces cadrans, 
qu'ils soient horizontaux, verticaux, méridionaux, ou déclinants, orientaux 
ou occidentaux, ou inclinés et déclinants. Mais ce traité ne contient pas de 
tables,On trouve anssi dans le compendinm de l’astronome arabe du treizième 
siècle Abü “AÏï al-Marräkushi et daus la moitié qui a été publiée en traduction 


1, Voir Garbers et Luckey. Une autre très importante étade sur la gnomonique arabe est là thèee 
de P. Luckey citée dans Sesgin, V, p. 294. 
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n'a rien à faire avec un tel cadran, nous pensons qu'il faut lire: {il al-miqyas, 
c'est-à-dire, “longueur du style”, ou bien, #l al-migyäsayn, c'est-à-dire, 
“longueur des deux styles”. Nous croyons de plus qu'à côté de cette inscrip- 
tion on tronvait jadis un trait de la même longueur, qui manque sur le dessin 
de Marcel à cause des fractures du cadran. 


Les 4 points cardinaux sont marqués: Nord A, Sud E, Est C, Ouest 
D. Les 2 styles identiques et perpendiculaires à la table étaient placés au 
sud de la petite échelle ouvrant chaque moitié; ils avaient leur pied en des 
points qui n’ont pu être relevés, car les styles avaient été arrachés en même 
temps qu'avaient été cassées les parties correspondantes de la dalle. 


Chaque moitié du cadran comporte les lignes des signes: sur la partie 
Est sont inscrites la droite des équinoxes (Balance 7) et les hyperboles d'entrées 
dans les signes (Ecrevisse 4, Lion 5, Vièrge 6, Scorpion 8, Sagittaire 9, Capri- 
corne 10). Sur la partie Ouest sont également inscrites la droite des équinoxes 
(Bélier 1) et les hyperboles d'entrées (Taureau 2. Gémeaux 3, Ecrevisse 4, 
Capricorne 10, Verseau 11, Poissons 12). 


Les heures marquées sont, selon l'usage ancien, les heures “temporaires”, 
qui représentent la douzième partie de la durée du jour; les “heures” d'été 
sont ainsi plus longues que les “heures” des équinoxes (heures astronomiques), 
elles-mêmes plus longues que les “heures” d'hiver. Elles sont indiquées par 
des droites plus où moins inélinées et qui sont numérotées, du matin au soir: 
la première I (il faut comprendre fin de la première heure), la deuxième IL... ; 
la sixième VI (midi), la septième VIL. . . la onzième XI. Les heures du lever 
et du coucher du soleil ne peuvent pas être indiquées, le rayon horizontal 
du soleil rejetant alors à l'infini l'ombre des styles. 


Entre la 9e et la 10* heure, sur la moitié Ouest du cadran l'inscription 
qaus al-“agr, c'est a dire, “courbe de l'‘agr” se refère à l'heure à laquelle, 
selon la date, doit être récitée la prière de l'‘ayr, une des cinq prières obliga- 
toires de l'Islam. D’après l'opinion dominante, l'heure de l’‘asr intervient 
dans l'après-midi, lorsque l'ombre du style est égale à son ombre méridienne 
augmentée de la longueur du style. 


Afin de prevenir le fidèle que l'heure de l'“ayr approche, une plage sans 
gravure est ménagée sur la partie ouest du cadran, à partir de la droite de 
Ta 9 heure. Il est alors plus facile de voir exactement où se trouve la pointe 
de l'ombre et d'apprécier le temps restant à courir jusqu'a l'éasr. Mais en 
regardant de près la courbe de l'ayr on constate qu'elle parait avoir été 
dessinée en double, très nettement dans sa moitié nord, moins nettement 
dans sa moitié sul; quelle courbe faut il retenir? 


La raison de cette double courbe de l’‘asr semble être que la courbe 
originale de l'ayr, qui borde l’espace libre, s'est révelée fautive et qu’alors 
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M. Marcel ont été rapportées d'Egypte et le dessin du cadran solaire qu'elles 
représentent se trouve reproduit dans l'Atlas de la Description de l'Egypte, 
cet ensemble monumental contenant les rapports de tous les savants chargés 
de mission et dont on peut dire qu'il a “lancé” l'égyptologie. 


Car il s'agit bien d'un cadran solaire, comme le laissent supposer les 
inscriptions. À première vue, la complexité (PL 1) est grande: deux gerbes 
de 7 branches, maintenues par des sortes de liens, partent des deux côtés de 
la dalle et s’élancent l’une vers l'autre en s’entrecroisant; partout des inserip- 
tions qui semblent se mélanger et dont il faut retrouver l'application. 


Mais pour qui a l'habitude des cadrans solaires musulmans, il apparaît 
bientôt que le dessin représente en fait deux moîtiés d'un seul cadran, imbri- 
quées l'une dans l’autre, Si l'an fait glisser par exemple la gerbe de droite vers 
la gauche jusqu'à ce que coincident les deux échelles les plus petites (ou 
inversement la gerbe de gauche vers la droite, etc.), on reconstitue le dessin 
counu d'un cadran solaire horizontal ordinaire (Pls. 2 et 3). Alors que chaque 
moitié du cadran avait son style particulier, la translation ci-dessus effecruée 
a fait coincider les deux styles en un seul, qui gouverne l'ensemble du cadran 
reconstitué. 


Pourquoi l'auteur de ce cadran a-t-il adopté la complication des deux 
demi-cadrans ? 11 faut d'abord reconnaitre que ce dessin, avec ses courbes, 
droites et inscriptions enchevêtrées, mais disposées selon un plan facile à 
retrouver, répond bien à la recherche géométrique et ormementale chère aux 
dessinateurs musulmans. La conception de ce dessin semble d'ailleurs être 
originale, car nous ne connaissons qu'un autre exemple d'une representation 
analogue (voir ci-dessous). En outre le procédé retenu permet de réduire consi- 
dérablement l'encombrement du cadran. 


L'inscription gravée sur le bord inférieur de la dalle indique: 
Safi] (9) Celreu eut ee Je () 
nan ee (9) LG @ey à ouù De y ab 


c'est-à-dire: 


…… (?) pour faire (?) ces heures dans la mosquée 
-. (?) connue par (le nom de) Ahmad ibn Tülün — que Dieu le pro- 
tège avec Sa grace - dans (?) l'an 696H (— 1296-97 J. C.) 


Dans le coin droit supérieur se trouve une autre inscription qui ne se 
laisse pas très hien lire. Marcel et Sédillot ont cru y lire: {ül al-Misrayn n-h, 
C'est à dire, “longitude des deux Miyrs: 55°”, Considérant que le longitude 
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premier auteur commence par un description du cadran (Section LI) et le 
deuxième continue par une discussion des methodes employées par les as- 
tronomes musulmans pour construire les cadrans solaires (Section TI), et 
une analyse mathématique des dessins du cadran de la Mosquée d'Ibn Tülün 
comparés avec les tables préparées par les astronomes égyptiens à l'époque 
Mamelouke (Section LV). 
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IL. Historique et description du cadran 


Décidée en 1798 par le gouvernement du Directoire, l'expedi 
d'Egypte comportait, outre les moyens militaires placés sous le comm 
dement du général Bonaparte, un nombre important de savants et de techni- 
ciens appartenant aux disciplines les plus diverses, qui reçevaient la mission 
de se consacrer à l'étude de l'Egypte et de sa civilisation. Parmi les bénéfi- 
ciaires de cette initiative se trouvait M. J. J. Marcel, ancien directeur de l’im- 
primerie royale, grand spécialiste des langues orientales et de leurs écritures. 


Dès son arrivée au Caire, M. Marcel se mit à dessiner et À reproduire 
toutes les inscriptions en langue arabe qu'il put relever sur les monuments, 
principalement sur les mosquées, écoles et tombeaux. 


A la mosquée d'Ibn Tülün, l’une des plus anciennes du Caire, il découvrit, 
dans un pan de mur du minaret attenant à la mosquée, plusieurs fragments 
brisés d’une dalle de pierre, qui comportaient de nombreuses lignes, courbes 
et inscriptions gravées. [l rassembla aussitôt ces fragments qui reconstituè- 
rent, à part quelques manquants peu importants. une dalle de 69 cm, sur 
53 cm, laquelle faisait apparaître un quadrillage complexe mais harmonieux. 
M. Marcel s’empressa d'en tirer plusieurs exemplaires par les procédés typo- 
graphiques, comptant bien emporter plus tard les fragments eux-mêmes; 
mais. … dès le lendemain matin, ils avaient disparu! . . enlevés par quelqu'un 
qui avait pensé trouver là des objets de valeur, à en juger par les soins dont 
les entouraient des Français. . . Heureusement. les empreintes relevées par 


Le Cadran Solaire de la Mosquée 


d'Ibn Tulun au Caire 


L. Sd er D. A, Kixc* 


I. Introduction 


Depuis les recherches de Carl Schoy aux environs de 1920 sur la gno- 
monique arabe! les cadrans solaires musulmans ont été presque totalement 
igorés par les historiens des sciences, Ce qui manque évidemment. pour la 
documentation fondamentale sur la gnomonique arabe, ce sont des reproduc- 
tions et des descriptions détaillées des plus importants cadrans solaires 
arabes® L'un de nous a publié en 1972 une description d'un cadran magni- 
fique du célèbre astronome Syrien du quatorzième siècle Ibn al-Shätir, cadran 
qui n'avait jamais été décrit dans la littérature moderne, bien qu'il soit sans 
donte le plus splendide de tous les cadrans arabes connus? L'autre signataire 
a préparé plus récemment une description d'un cadran tunisien du quator- 
zième siècle qui a une importance spéciale pour notre connaissance des origines 
des définitions des prières musulmanes.‘ Le cadran que nous présentons 
ici, qui ornait jadis la Mosquée d’Ibn Tülün au Caire,® n'existe plus, mais 
il a été l'objet d'une très fidèle reproduction, parue dans la célèbre Description 
de l'Egypte préparée par es savants qui accompagnaient Bonaparte en Egypte." 
De son côté L.A.M. Sédillot en a donné une description dans son “Mémoire 
sur les instruments astronomiques des Arabes” d’après le traité de l'astronome 
Abü “Ali al-Marräkushi, qui travaillait au Caire à la même époque que le 
constructeur du cadran de la Mosquée d'Ibn Tülün.’ Nous considérons qu'il 
est interessant de présenter a nouveau ce beau cadran à la lumière des plus 
récentes recherches sur l'histoire de l’astronomie en Egypte médiévale.’ Le 


* American Research Center in Egypt, 2 Midan Kasr el-Doubara, Garden City, Le Caire, Egypte. 

1: Voir Schoy L et 2, et aussi Notes 1 et 2 à Section TTL. 

2, Plusieurs des cadrans solaires musulmans qu'on connait sont indiqués dans Mayer. On s'attend 
a ce que la nouvelle édition que préparent M. Alain Brieux de Paris et Mr. Francis Maddison d'Oxford 
contiendra assez de nouvelles informations sur les eadrans pour susciter un renouveau d'interèt 
fur ce sujet, 

3. Janin, reproduit en Kennedy-Ghanem, pp. 107-121. 

4 King 1. 
. Voir IPiet, pls. 2-5 et pp. 100-101. 

6. Description de l'Egypte, Etat moderne, planches, tome 11, planche €, et Sédillot-fils, pp. 25-26 
2156-58. Pour la documentation de l'inscription voir RCEA, no. 5023 à p. 157. 

T. Voir Sédillot-pere, IE, PL. XVL, fig. 86. 

8: Voir King 2 et les références citées. 
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We may well doubt that much would ever have come from Hunter's 
friend. Even more dubious is Tod's famous epitaph of Jayasimha himself: * 
SThree of his wives and several concubines ascended his funeral pyre, on 
which science expired with him.” The “science” he supported never had 
a chance to develop in Sanskrit because no Indians were ever trained to uti- 
lise the observatories or the translations in a constructive manner, and because, 
whatever the results of Jayasimha’s own observations may have been, they 
were not published in Sanskrit. 


We have seen, therefore, that though a few elements of Islamic astron- 
omy were adapted by Indian astronomes before the Moghul period, they 
were not allowed to affect in any way the structure of the traditional science, 
Moreover, though efforts were made to introduce various of the works emana- 
ting from the School of Samarqand to Sanskrit-reading astronomers in the 
seventeenth century, the translations met with hostility on the part of some, 
indifference from most, and, at best, an attempt to Indianize them on the 
part of a few: but these translations and adaptations contained nothing that 
would instruct the Indians regarding the reason for the claimed superiority 
of Islamic astronomy, which was its methodology involving both a relance 
on carefully planned and executed observations and a concera with the cine 
maties of the planctary models. Finally Jayasimba’s activities, while they 
resulted in Sanskrit translations of the Almagest and a few other works that 
could have taught this methodology 10 the Jndians, were apparently com- 
pletely ineffective: his original works in Sanekrit were not innovative, the 
translations themselves were ambiguous, and the main contribution of his 
school to astronomy, the Zij-i Muhammad Shähi was addressed to a Persian 
rather than to a Sanskrit audience. Nityänanda, Kamaläkara, Jayasimha 
and others may have recognized the superiority of Islamic over Indian 
astronomy, but they failed to find a way to persuade other Indian scientists 
of this fact, in part, I believe, because they did not themselves perceive 
wherein the superiority lay. 


90. J. Tod. Annals and Antiquities of Rajasthan (repr. Oxford, 1920). vol. 3, p. 1356 
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For he did, with his Persian experts, construct those five famous 
observatories. Jagannätha mentions these observatories and some of the 
results obtained at them, and some obtained by other astronomers at other 
observatories.% From this passage and from the Zÿ-i Muhammad Shäht 
produced in the name of Jayasimha probably by Khayr Aläh Khan‘ we 
know that Javasimha intended to follow the traditional method of Islamic 
astronomy in correcting astronomical parameters by eareful observation, 
and that he hoped to improve the Islamic technique by simultaneously observ- 
ing the same phenomena from five different localities, Though Jagannätha 
refers to some minor corrections 10 parameters like the obliquity of the eclip- 
tic, it appears unlikely that the tables in the Zÿ- Muhammad Shähi are 
very differeut from those in the Zij of Ulugh Beg; but no detailed study of 
Jayasimhu’s zij has yet been made, s0 that we cannot decisively deny real 
significance to his work, However, the description of them given by Hunter 
in 1797* makes it clear that the structure of the tables is entirely Islamic. 
We do have for comparison. in Sanskrit, two works attributed to Jayarimha: 
a Javavinodasérini written in 1735, which contains tables for constructing 
the traditional Indian calendars, and a Yantrardjaracanä, a conventional 
Sanskrit treatise on the astrolabe. Neither work shows any trace of à new 
approach to astronomy . Moreover, other Sanskrit astronomical works writ- 
ten in Räjasthän and elsewhere in northern India in the eighteenth century 
seem not to have been influenced by Jayasimha. In fact, it seems probable 
that Khayr Alläh Khän was the sole designer of this ambitious project, though 
Jayasimha supported it enthusiastically and contributed to it financially 
if not io any great extent intellectually; the Ziÿ-i Muhammad Shôhi was 
never even translated into Sanskrit as bad been the Almagest. And the trans- 
lation of the Almagest, though extant in some two dozen complete or frag- 
mentary copies, does not seem to have been used at all by those who compos- 
ed treatises on astronomy in Sauskrit in the late eighteenth and nineteenth 
centuries. 


Hunter, however, claims to have met at Ujjayini the grandson of one 
of Jayasimha’s assistants whom he believed 10 be capable of carrying on the 
tradition ‘because, while trained in traditional Indian astronomy, he pos- 
essed manuscripts of the Siddhäntasamrét and of a Sanskrit translation 
of Napier'e logarithme, and he acknowledged tbe superiority of European 
science. To Hunter’s regret, this pandita soon died, “and with him the genius 
of Jayasimha became extinct”." * 


46. Siddhäniäsamrä}, vol. 2, pp. 1162-1165. 
47. Storey, pp. 93-95. 
88, W. Hunter, “Some Aceount of the Astronomical Labours of Jayasinha, Rajah of Ambere, 
ue Jayanagar"*, AR 5 (1797), 177-211, esp. 205-209. 
Tbid., 210. 
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and then gives Sanskrit equivalents or explanations of them. In doing this 
the translator demonstrates his knowledge of the traditional Sanskrit ter- 
minology in geometry and in astronomy. From time to time either he, or 
more probably the person who computed the longitude of the solar apogee 
in 1765, adds Indian material; thus the Süryasiddhénta is wrongly men- 
tioned as using 22/7 as a value of x,"° and the Indian measurements añgula 
and yava are added to the usual Persian farsang, mil, and gaz.* But other- 
wise this is a straightforward translation of an introductory manual of 
astronomy through which a Sanskrit reader could learn the elements of late 
Islamic astronomy, but nothing about its methodology. 


The most conscientious effort, however. to make Islamic astronomy 
and its methodology available in Sanskrit was that of Savai Jayasimha of 
Jayapura in the cerly cightéenth century. Unfortunately, 1 have not yet 
had access to the unique manuseript, in the Mahäräja’s Museum at Jayapura 
(no. 46), of Nayanasukhopädhyäya"s translation of Nasir al-Din’s Tadhkira 
with the commentary of al-Barjandi:* it would indeed be fascinating to 
examine it and to discover in what form the ‘“improvements” to the Ptole- 
maic planetary models devised in Marägha were transmitted to eighteenth 
century India. But Jagannätha’s translation of Nasir al-Din's version of 
the Almagest, the Siddhéntasamrôt, has been published, though not critically 
edited: from this it is apparent that Jagannätha also had access, presumably 
through the earlier Sanskrit translations used by Muniévara, Kamaläkara, 
and Nityänanda, to at least some of the views of Ulugh Beg and of his col- 
league, Jämshid al-Käshi.® For, after the thirteenth and Jast book of the 
Almagest, he adds a supplement which includes a vanträdhyäya, in wbich 
he describes the instruments that Jayasimha had set up in his observatories 
on of those installed by Ulugh Beg at Samarqand# and an ex 
planation of Ulugh Beg's and al-Käshi's derivations of sines. And this is 
followed by a series of notes on how to deal with traditional aspects of Indian 
astronomy that are not directly touched on by Ptolemy or that are treated 
in a different manner by Ptolemy but not, in Jagannätha's opinion, fully 
enough. He even tacks on at the end a description of the Süryasiddhänta’s 
planetary theory, presented in the traditional style." The ambiguity towards 
scientific method implied by the inclusion of this material in Jagannätha's 
work is characteristie of Jayasimba’s approach 10 astronomy. 
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and it computes the longitude of the sun’s apogee “at the present time” 
for A. H. 1178, which began on L July 1764. These conclusions are ren- 
dered doubtful, however, by the fact that both the references to Käsht and 
the computation of À. H. 1178 are omitted by N?geia, and are therefore 
likely to be interpolations in the other two manuseripts.This doubt is strength- 
ened to a certainty by the existence of a manuscript of the Hayatagrantha 
copied by Tikéräma Jyotist in 1730 in the Mabéräja's Museum in Jayapura 
(no. 24), and the recording in 1875 of another in Oudh that was copied in 
1694. 


The Hayatagrantha, therefore, was probably written in the seventeenth 
century, but on the basis of a Persian work different from that available 
10 Nityänanda in 1639. For the Hayatagrantha’s parameters for its planet- 
ary models, which are completely Islamic, differ from those of Romaka as 
presented in the Siddhäntaräjo. The Hayatagrantha refers by name to “Ala? 
al-Din Ali al-Qüshji (alléma kaufaji nîma ulükavegasya guruputra) for bis 
determination by “our observation" (asmadrasada) of the obliquity of the 
echptie,* and for the use of sunset epoch in Arabia (arabadesa);"* and it 
mentions “our observation” (asmébhir vedhena rasadah) of the longitude 
of the solar apogee in Mubarram 841 A. H., which is July 1437. This sug- 
gests that the Persian original of the Heyatagrantha is the Risélah dar hay'at 
or Färsi hay’at composed by al-Qüshji®® at Istanbul and dedicated to the 
Ottoman Sultan Muhammad ibn Muräd (1451-1481), the conqueror of Byz- 
wtium; the work was known in Mughal India as the commentary by Muslih 
al-Dïo Muhammad al-Ansäri and was dedicated to the Emperor Humäyün 
(1530-1556). The arrangement of the two texts supports this hypothesis; each 
contains an introductory section in two parts, two main sections (divided into 
six and eleven bäbs respectively in Persian, into four and ten in Sanskrit), 
and a supplement. I have not been able as yet to examine a copy of the Persian 
original in order to test this bypothesis. But the fact that the section on 
chronology in the Hayatagrantha” is a revision of that in Ulugh Beg's Ziÿ* 
confirms the suggestion that the former represents a product of the school 
of Samarqand. 


1 do not wish now to go into the details of the Hayatagrantha. It should 
suffice to state that it cousistently traneliterates the Persian technical terms, 
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al-Rfmi) of computing the sine of 1° and even of 1°. 


Unfortunately, the Welcome Institute's manuscript breaks off in the 
midst of Nityänanda’s descriptions of the Islemic planetary models so that 
1 do not know the extent to which the rest of his work is indebted to Muslim 
astronomy. But a sufficient portion of the Siddhäntargja has been investigat- 
ed to show that his planetary system is completely Islamic, though some 
of its elements are reworked to fit into a traditional Indian mode of expres- 
sion, But, despite some assertions (not uncommon in classical Sanskrit texts 
on astronomy) that the Romaka computations lead to results closer to ob- 
served positions than do the Süryasiddhänta’s or Brahmagupta’s, Nityän- 
anda shows no understanding of the role of observations in improving the 
models of celestial motions deviscd by astronomers or their parameters. He 
has, in fact, done nothing but to recast a Sanskrit translation of an Islamic 
astronomical work into a form more congenial, and perhaps more acceptable, 
to au orthodox jyorihéästrin. 


Indeed, we have already seen that such a Sanskrit translation of a work 
dependent on Ulugh Beg's Zij was available in the seventeenth century, 
in Benares as well as in Delhi. And a manuscript of a Sanskrit Jica Ulugbegi 
(Zij-i Ulugh Bog) is preserved in the Mahäräja’s Museum is Jayapur no. 
45; it was acquired from Surata through Nandaräma Josi, who is probably 
the Nandaräma Miéra who wrote voluminously on astronomy and astrology 
at Kämyakavana in Räjasthän between 1763 and 1778. We do not yet 
know whether this translation is identical with that used by Munisvara, 
Kamaläkara, and Nityänanda. But that it was expected that translations 
of astronomical works would be made from Persian into Sanskrit (as they 
were under the Moghuls also from Sanskrit into Persian) is indicated by the 
existence of a special Persian-Sanskrit dictionary of astronomical terms in- 
tended to facilitate the process. This is the as yet unpublished Parasiprakäsa 
composed under the patronage of Shäh Jahän in 1643 by Mälajit,®* a scholar 
from Sristhala in Gujarat who was awarded the title of Vedéngaräya by the 
Emperor for his efforts. 


One such translation that illustrates again the influence of the Samar- 
qand school on Indian astronomers is the Hayatagrantha."® This was edited 
a decade ago un the basis of three manuseripts in Benares, of which the old- 
est was copied by Nägesa in 1765. The editor believed that it was composed 
in Benares in the eighteenth century; for it refers to Käshi several times,” 
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In fact, Nityänanda further feels constrained to cast his expression of 
the mean motion parameters of the planetary theories of his Muslim source in 
he traditional Indian form, and to give instructions for deriving from mean 
longitudes computed according to the Romaka those computed according 
to the Saurapaksa and the Brhmapaksa, presumably to demonstrate that 
differences already exist within the Indian tradition, and that therefore the 
unfamiliarity of the lelamic parameters is not to be regarded as in itself 
vitiating them. Thus the normal Indian divisions of the Kalpa and other 
units of time are described;* the mean motions of the planets, their nodes, 
and the zodiac (ie. precession) are given as integer numbers of revolutions 
ina Kalpa;® and the computation of the ahargana follows the traditional 
pattern, though the epoch is noon at Lankä, which is (mean) sunrise at Roma- 
ka! The mean longitudes resulting from following these rules are then cor- 
rected by bijas. whose purpose seeros to be to compensate for the inaccura- 
ces involved in expressing the Islamic mean motions as integer rotations 
in a Éxed time; Nityäuanda states that they are necessary to bring the results 
into conformity with observations.‘ 


‘The dimensions of the Romaka’s planetary models, however, are pre- 
sented in Ptolemaic terms as eccentricities and radii cf epicycles; and the 
cireumferences of the manda and #ighra epicycles of the Saura and Brähma 
paksas are reduced by Nityananda to the same terms. The models them- 
selves are thoroughly Islamic, with equants, protective spheres, and crank- 
mechanisms for the moon and Mercury.“ The cosmology is almost equally 
Islamic; the earth is surrounded by spheres of the Indian water, fire, wind, 
and space rather than the Aristotelian water, air, and fire, but beyond that 
come the seven planetary spheres in proper order. The eigbth sphere, that 
of the zodiac, rotates at a precessional rate of 10 in 70 years; and the ninth 
sphere, crystalline and containing the constellations, rotates daily. Here 
there is no apology offered, nor indeed any justification of the presentation 
of these alien theories in Sanskrit. 


Nityänanda's sine table, however, which gives the sine to five sexa- 
gesimal places for every degree from 110 90 with R equalling 60, is fully 
justifed mathematically; for he gives complete rules for its computation, 
induding Jämsbid al-Kashÿs method (which was repeated by Qadi Zädah 
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“Having examined the Romakasiddhänta [i.e, a sij al-Rümi], the Saura, 
and that of Brahmagupta, and knowing the (longitudes of the) planets cor- 
rected separately (by each), I have composed an aceurate siddhänta”. 


“It always attains in every way the equality between computation 
of the planets’ (positions) and observation that comes from the Romaka. 
In this (science, however) they know that the Sauraantra is like a Veda, 
ard that even that composed by Brahmagupta possesses suitable methods”. 


“Then who was (this) Romaka who is numbered among the munis, 
the gods, and s0 où ? I will tell you the answer to this (question); listen, as 
it was agreed to previously by Sürya and Aruna”: 


“because of (their) fondness for history and stories. Even Bhäskara 
was known as Romaka because of a curse pronounced by Indra: Yavana 
lived in Romaka’s city.” 


“When the eurse was removed because of the favor of these two, the 
sun himself in ancient times composed the best treatise here, which has the 
form of tradition (éruti) though in the guise of being Romaka's”. 


Nityänanda has based this myth, us he himself indicates, on one in the 
Jôänabhäskara or Sûryérunasamvëda® wherein Sürya claims that he re- 
vealed the Romaka(siddhänta) to Romaka when be was born among the Yav- 
anas because of a curse of Brahma, and that the Romaka was then revised 
by Romaka in Romakanagara. The author of the Jäänabhäskara was, 1 
believe, thinking of the astrological Romakasiddhänta which claims to be 
part of a Srisaväyanasamhit5,* whereas Nityänanda refers to a work on 
Islamic astronomy. It is tempting, because of the name, to think of one of 
the works composed by Qädi Zädah al-Rümi,” the teacher of and collabora- 
tor with Ulugh Beg perhaps his commentary on al-Jaghminï'« Mulakhkhas 
fi al-hay'a. Whatever the case may be, Nityänanda feels it necessary to jus- 
tify Islamie astronomy to his audience not on the basis of a rational discus- 
sion of its methodology and an observational testing of its results (though 
he does state its superiority without adducing any evidence), but on the pre- 
text of its being derived from the revelation of an Indian deity. Such a cam- 
ouflage is certainly not new, as students of Abü Mafshar's Kitäb al-ulif, 
for instance, well know;% but it is significant that even the most enlightened 
Indian astronomer of the seventeenth century did not dare to base his 
claims on the evidence of the senses. 
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Beg's 2j, for that 2j séems not to describe the eccentric-epicyclic planetary 
models with the protective spheres (päli) of Ibn al-Haytham and the later 
Islamic astronomers though Kamaläkara does: Kamaläkara, however, 
does not mention the equant. 


Moreover, Kamaläkara speaks with approval of the computation of 
planetary distances by the Yavanas on the basis of the internesting of the 
solid (maria) spheres® — a computation that differs from the normal Indian 
procedure of making the distonces of the planetary spheres inversely proport- 
ionate 10 the numbers of their rotations in a Kalpa. 


It is not surprising, then, to find him quietly presenting as perfectly 
possible the Ptolemaic view of precession that Muvisvara had 50 heatedly 
attacked.5 Nor is it uncharacteristie that his ffth adhikära is a treatise on 
geometrie optics, a subject never before, to my knowledge, discussed in such 
detail in Sanskrit. I presume that here also he has utilized an Islamic source, 
thougb I bave not as yet been able ta identify it. 


Kamaläkara. then, was quite willing to prefer a Muslim opinion even 
though it is contrary to that of the sis. But he neither accepted the method- 
ology of Islamic astronomy, nor abandoned the basic procedures, models, 
and parameters of Indian astronomy, Two decades before he wrote, however, 
another Indian astronomer had gone much further in accommodating Is- 
lamic. science. 


Nityänanda® was a Gauda Brähmana connected with the court of 
Shäh Jahän at Delhi, In 1628 he completed an enormous Siddhäntasindhu, 
which he dedicated to Shäh Jahän's minister Asaf Khän: no manuscripts 
of this work are available to me. In 1639 he composed a smaller work, enti- 
dled Siddhäntargpa, in twelve chapters. Of this 1 have examined à fragment 
in the Welcome Institute Library in London (V. 36). This manuseript of 
39 folios (aumbered 1-36 and 38-40) contains the frst two and a large part 
of the third chapters of the work. 


In the Siddhäntaräja änanda boasts that he will present absolute- 
y new (that is, Islamic) material, whereas his predecessors have merely 
repeated each other — not an unjustified criticism of Indian astronomers. 
But he feels it necessary to disarm his crities in the following verses.# which 
T translate thus: 
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a particular fixed star. Thus he severely eriticizes the Parasikas, their Yavana 
predecessors, and their Indian followers, for their arrogance in adhering to 
a doctrine dependent on their own deductions (svamati) even though they 
are contrary to the opinions of the ysis:#! at one point he even asserts that 
ridicule arises against anyore who has confidence in the words of the Yava- 
nas on this matter through misuuderstanding the true meaning of precession 
in Indian astronomy and trusting those observations that the Yavanas call 
rasada (Arabic rasad). Munisvara’s objections to precession were attacked 
by Kamaläkara’s brother, Rañganätha® in his Lohagolakhangana, which 
in turn was assailed by Munï$vara’s cousin, Gadädhara,# in a work entitled 
Lohogolasamarthana. 


Thus Muniivara’s knowledge of the Sanskrit version of an Islamic 
tronomical work has not been allowed to influence his astronomical theories 
cant way. At best he refers with indifference to some aspect 
ience, but more commonly he feels at least obliged to deny valid- 
ity to what he does find it necessary to mention. And his ultimate weapon 
against the observational basis of Ptolemaic astronomy is ridicule of what 
does not conform to the sayings of the ancient sages. 


A more tolerant view of Islamic astronomy is manifested by Kamaläk- 
ara in the Siddhäntatattvoviveka that he completed in 1658, as by his brother 
Ranganätha in his Bhaingivibhañgikarana. Kamaläkara agrees with the 
Yavana opinion that the inhabited parts of the earth rise above the sphere 
of water so as, however slightly, to alter the local horizon, though he hastens 
to add that this opinion does not contradict the gods and yyis.® Like Mun- 
fsvara he refers 10 Kh&ladätta, which he wrongly locates 220 West of Romak: 
but he proceeds to give a set of the terrestrial coordinates — he calls longitude 
tüla (Arabie til) — of twenty cities.® The only cities on this list that are loc- 
ated outside of Judia are Kabul and Samarqand; and in the seven cases 
where cities are included in Ulugh Beg's geographical liste, the coordinates, 
with the exception of a few misreadings of abjad numbers, are identical. 


Kamaläkara confirms his acquaintance with Ulugh Beg by referring 
to the computatiou of a table of sines by “Mirjolukabega”.® This knowledge 
probably reached him, however, through a more elaborate treatise than Ulugh 
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section of the Siddhäntafiromami.* In this he criticizes the theory of the 
Yavanas (.e., the Muslims) that there is an unmoved erystalline (käca) sphere 
supporting the sphere of the constellations (märtimat) and enabling it 
ta rotate daily from East to West: for, he says, the crystal could not bear 
such a weight, especially since the sphere of the constellations in its turn 
bears tbe weight of the sphere of the zodiac. What else he might have derived 
from a Muslim source 1 do not know, as T have not had an opportunity to 
examine manuscripts of his other works. 


The same is also true of most of the Siddhäntasrrabliauma, which was 
completed by Muniévara® on 7 September 1646; of its twelve adhyäyas, 
on which Muntivara wrote his own /ikä, only the first two and part of the 
third have been published with their commentary. In these chapters are 
found such relatively trivial matters as the recording of the definition of a 
sidereal month according to the Pärasikas® (Munisvara claims that the 
concept is useful for astral omens, but not in astronomy); it is stated that 
the origin of longitudes in the geographical tables of the Pärasikas is a city 
called Khäladätta near Romakaÿ(in fact, of course, this place is the Eter- 
nal Islands — al-jazäir al-khälidät — of Arabic geographers); it is claimed 
that, even though the methods of the Pärasikas for correcting the mean lon- 
gitudes of the planets beginning with the moon are described in the language 
of the gods (that is, in Sanskrit), yet they must be rejected by the wise be- 
cause they are without proof; and it is mentioned that, whereas for the 
orthodox the blue sky is a sphere of metal (a lohagola), the Pärasikas claim 
that the heavenly spheres are crystalline.” All of these matters, even the 
last, séem to trouble Muniévara very little; the reader is warned 
but never in a very emphatic manner. He was much more incensed by the 
theory of precession when understood to imply a tropical rather than a side- 
real reference system. For the Indians, though they have various theories 
of precession and trepidation,* traditionally used them only for the correc- 
tion of the sun’s declination; the juncture of the sun’s declination cirele with 
the equator may be permitted to move with respect to the fixed stars, but 
the traditional Indian method of describing mean motions as integer num- 
bers of sidereal rotations within a Kalpa or a Mahäyuga necessitated, in Mun- 
iivara’s opinion. the unswerving connection of the origin of the zodiac with 
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are repeated often iu Islamic zijes. These Goal-year periods, with the excep- 
tivn that Venus’ eight-year period was altered 10 a 227-year period, were soon 
uscd as the basis of an enormous set of planetary tables, the Jagadbhäsana, 
compiled by Haridatta® in Mewar in Räjasthän in 1638; Haridatta, however, 
apparently used an Indian rather than a Persian set of astronomical tables 
in carrying out the computations of his own tables; the same is true of Trivik- 
rama,# who composed a similar set of planetary tables based on the Goal. 
year periods at Nelinapura in 1704. Their knowledge of the Goal-year periods, 
then, simply provided a convenient framework for a form of perpetual tables, 
as it had in the West for al-Zarqäli and his source and suecessors, 


In Beuares in the eighteenth century the most important astronomers 
belonged to two Mahärästrian Brähmana families which had migrated to 
the city in the sixteenth century. The descendents of Cintämani, a member 
of the Devarätragotra residing at Dadhigräma on the Payosni, include Mun- 
iévara Visvarüpa,® who was born in 1603, the year in which his father, Rang- 
anätha,® completed his famous #ikä on the Säryasiddhänta, the Güdhärth- 
aprakôfikä. Munïsvara‘s great rival was Kamaläkara,® who was descended 
through Divikara. a pupil of Caneia. from Räma of the Bhâradvñjagotra, 
a resident of Golagräma on the Godävari, not more than a few days’ 
journey from Dadhigräma. These two men and their numerous siblings, 
cousins, and nephews were ail engaged in astronomical activities, but 
always within the context of the traditional Indian siddh£ntas, particu- 
larly those of the Saura and Brähma paksas. From time to time, however, 
they display an awareness of Islamic astronomy, which scems to have been 
available to them in the form of « Sanskrit translation of the Zij completed 
by Ulugh Beg®* at Samarqand in about 1437/1438 or some derivative of 
that zij. The precise source of their knowledge remains obscure, however, 
we will return to the question of the Sanskrit versions of Ulugh Beg’s as- 
tronomy later in this paper. 


The earliest of these Benares astronomers to demonstrate a knowledge 
of Islamic astronomy is Kamaläkara's father, Nrsimha,# who wrote a com- 
mentary ou the Saryasiddhénta in 1611 and one ôn the Siddhéntañiroman i 
of Bhaäskara in 1621. Unfortunately, of these two gigantic works all that 
has been published is his commentary on the first adhikära of the grahaganita 
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ofthe astrolabe stars — Mahendra is quite willing to substitute fslamic proced- 
ures and values for the Indian, without any apparent effort to determine in 
wat sense they might be superior: it was easier to take them over than to 
recast them in an Indian mold. In the other elements of astronomy be gives 
no indication that it is at all advisable to abandon or modify existing Indian 
théories. 


The next major infusion of Islamic astronomy into science in Sanskrit 
seems to have occurred under the Moghuls, who, like Firüz Sbäh, promoted 
intellectual exchanges between their Muslim and Hindu subjects. 1 employ 
the word major” because there is one minor case of transmission that cannot 
be ignored. The Kerala astronomer, Acyuta Pisära(i," in his Sphufanirmaya 
and Rätigolasphutäniti written in the 1590's, proposed a formula for redu- 
cing the mean longitude of the moon in its orbit ta an ecliptic longitude. Such 
a reduction had first been suggested, by Yahyä ibn Ab5 Mançür in the Zi 
clmumiahan, composed under al-Ma‘mün in the 820*, Acyuta probably 
bears witness to some transmission of at least a part of Islamic lunar theory 
that took place on the Malabar Coast in the fifteenth or sixteenth century. 


À survey of Sanskrit astronomical texts composed in Western and 
Northern India in the sixteenth century, however, has yiclded no reflexions 
of Islamic astronomy. 1 have examined, among others, the works, published 
and unpublished, composed by Jiänaräja® at Parthapura on the Godävari 
in 1503; by Ganésa” at Nandigrama in Gujarat between 1520 and 1552; 
by Dinakara®* at Bärejya in Gujarat between 1578 and 1583; by Canésa's 
nephew and pupil, Nrsimha,” at Nandigräma between 1568 and 1603; and 
by Rämacandra‘* at Benares between 1590 and 1600. Members of the families 
of several of these sixteenth century astronomers, however, were the lead- 
ing advocates and crities of Islamic astronomy in Beuares in the seventeenth 
century. 


But the frst author to whom we must refer is Visräma from Jambüsara 
in Gujarat, who wrote a description of various astronomical instruments, 
the Yantrafiromani,®% in 1615. What is of immediate interest to us in his 
work is the inclusion of the Babylonian Goal-year periods of the plants, 
which, of course, figure prominently in Book IX of Ptolemy's Aimagest, and 
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25. CRSS A5. 
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is probable that he derived this second component also from an Islamie source. 
It was also known to his contemporary, Bhojaräja,* who wrote the Raja- 
mygänka, with epoch of 21 February 1042. at Dhärä in Mälava. 


It is highly unlikely, however, that this source should have been the 
translations of Euclid’s Elements and of Ptolemy’s Almagest that al-Birüni 
claimed, in about 1030, to be engaged in. This claim must be regarded 
as sheer bravado, since the knowledge of astronomers’ Sanskrit displayed 
by al-Birüni and his pauditas was totally inadequate to the task. Another 
channel of scholarly exchange must be imagined, and of a more limited char- 
acter; the only elements of Islamie astronomy that appear in Sanskrit texts 
at this early déte relate to the sun and the moon. 


The next phase in the transmission of Islamic astronomy to India, 
if we regard Bhäskara's® innovations in trigonometry as entirely his own, 
was the introduction of the astrolabe into Western India under the Tughlugs. 
Mahendra Süri® composed the Grst description of this instrument in San- 
skrit, the Yaniraräja, at Bhrgupura - that is, modern Broach in Gujarat-in 
about 1370; according to his pupil, Malayendu,? wbo wrote a commentary 
on the Yantraräja in about 1382, Mahendra undertook to write his treatise 
at the request of the astronomers of Firüz Shäh (1351-1388), during whose 
reign Sanskrit works were also translated into Persian, The astrolabe itself, 
of course, was developed in the Roman empire, though our earliest extant 
examples are Arabic. Mabendra and Malayendu not only introduced the 
construction and use of the instrument to Indian astranomers, but also an 
Islamic sine table in which K equals 3600 or 1, 0, 0; a table of declinations 
with the Islamic value, 23;350, for the obliquity of the eclipt: list of the 
latitudes of 77 cities, most of which are in India though many are located 
elsewhere in the Middle East (the Ptolemaic system of representing terres- 
trial coordinates had not previously been used in Sanskrit texts); a catalogue 
of 32 astrolabe stars whose coordinates are derived from the Almagest, with 
the Ptolemaic longitudes corrected for precession (at the rate of 19 in 66 2/3 
years) for 1370; and the cotangent tables normal on the backs of Eastern 
Islamic astrolabes.”* Thus, in those elements necessary for the use of 
the astrolabe — trigonometry, terrestrial latitudes, and the coordinates 
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between the sun and the moon. The result of Piolemy’s model, with its 
specified dimensions, is that the maximum equation at syzygies is 5;1°, at 
quadratures 7:40°. In the tenth century a model producing an identical effect 
first appears in India, The epoch of Muëjäla'e’ lost Brhanmänasa is 9 March 
932 at noon (naon-epoch in itself is characteristie of Ptolemaic and Islamic 
astronomy, but alien to India); his extant Loghumänasa was commented 
on by Praÿastadhara* in Käëmira in 958; and both of these treatises were 
encountered by al-Birüni in the Pañjäb in the 1020°s. It is likely, therefore, 
that, although Muñjéla’s Laghumänasa is now found only in South India. 
he originally composed it in the West or Northwest, and had eontaet there 
directly or indirectly, with Muslim astronomers. 


Muñjäla, however, following the Indian tradition, did not regard planct- 
ary models as cinematic er as in any way representing physical reality, but 
as calculating devices. Thus he felt free t0 replace Ptolemy"s crank mechanism 
with an elegant formulation of the evection.* 


0 = (Vin — 1°) + Cos (3, — 2) + Sin (à — À), 
where À denotes celestial longitude, and the subseripts m, 5, and a 
denoté moon, sun, and apogee respectively. Because of his choice to express 
his parameters as integer parts of a radius of 488, his simple lunar model 
generates a maximum equation of 5;2°; while his formula for evection, since 
he employs the integer 11° in the first factor, results in a maximum of about 


2:29, so that Muëjäla’s maximum lunar equation at quadratures is 7:31° 
instead of Ptolemy's 7;40°. 


A result closer to Ptolemy’s was provided by Sripati/" who wrote 
various works between 1039 and 1056, at Robinikhanda, about 150 miles 
south of Ujjayini. Sripati accepts the Brähmapaksa’s simple lunar model 
with an epicycle that pulsates in a complex fashion as the body approaches 
the horizon, but which at its mean, in the meridian, produces a maximum 
equation of 5:2,7. For the evection Sripati® accepts Muñjäla's formula 
tion, but modifies the first term so that the maximum correction is 2 ;40°— 
just L minute more than Ptolemy’s - and the maximum equation at quadra- 
tures, when the center of the moon's epicyele is on the meridian, is 742,7. 


Sripati also gives a complete formulation of the equation of time inelud- 
ing both that part which is due Lo the sun’ velocity, which had already been 
known to Brabmagupta,® and that dependent on the sun’s longitude. It 
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of planetary motion to scientists of the early “Abbasid period.® emphasized — 
perphaps over-emphasized — the role of observation in refining planetary 
theories, and because of this empbasis developed both the recessary instru. 
ments and theories of optics and of the behavior of light. The most note- 
worthy Indian reaction to these aspects of Islamie astronomy, though char- 
acteristically having no discernible practical effect, was the program for the 
reform of Indian astronomy instituted by Jayasiwha, the Mahzräja of Amber 
from 1700 till 17432 Under his patronage were built the massive 6bserva- 
tories at Vôränasi, Ujjayiot, Mathurs, Dilli, and his own Jayapura, while 
under his patronage the industrious Jagannâtha* translated Euclid's Elem- 
ents and Ptolemy’s Almagest into Sanskrit, and the less well-known Nay- 
anasukhopädhyäya at the dictation in Persian of Muhammad Âbida (who 
acted as an intermediary in the way that Spanish-speaking Jews had for 
some of the Latin translators of Spain in the twelfth and thirteenth centuries) 
translated Theodosius’ Spherics and Nasir al-Din’s Tadhkira with al-Barj 
di's Shark thereon. But these achievements, impressive though they might 
appear, were at the end rather than the beginning of the Islamic influence 
on Indian astronomy. Let us turn now to the predecessors of that beginning. 


Non-Ptolemaic forms of Greek astronomy, sharing many character- 
isties with what we can reasonably reconstruct of the theories of Hipparch- 
us, were transmitted to India in the third or fourth century A.D., includ- 
ing several alternative planetary models and mathematical descriptions 
of other celestial phenomena;* these were given their characteristie Indian 
expressions in the fifth,sixth, and seventh centuries, from which developed 
four of the five schools of astronomy or paksas - in chronological order the 
Brähma, the Ârya, the Ardharätrika, and the Saura. These astronomical 
schools were generally conservative, but did permit the development of new 
compütational techniques; and it is in the mathematics ancillary to astron- 
omy-trigonometry and indeterminate equations rather than in astronomy 
itself that the Indians excelled. There was no tradition of systematic obser- 
vation in early Indian astronomy. 


The Hellenistic lunar model that was transmitted to India allowed 
for only one inequality in its motion, which was accounted for by an epicycle; 
Ptolémy’s model had a more complex structure, with the center of the moon’s 
deferent traveling on a concentric at double the rate of the mean elongation 
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Islamic Astronomy in Sanskrit 
Davio Pixcrse* 


The problem that Î wish to examine in this paper involves in particular 
the awareness of and reaction to Islamic astronomy on the part of the tradi- 
tional Indian astronomers practicing their science in nerthern India under 
the Moghuls. But in more general terms I believe that it illustrates the char 
acteristie methods by which Indians throughout their history, until the 
nineteenth century, have responded to a superior foreign science (the judg- 
ment of superiority is here based on experience rather than on theory), though 
in the last phases of Moghul astronomy in Sanskrit one can perceive the be- 
ginnings of a new attitude foreshadowing that which has become the prevalent 
one among contemporary Indian scientists. Briefy, the shift in attitudes to 
which I allude is from the classical position that alien scientific systems may 
be adopted to Indian use, but that they must somehow be made 10 conform ta 
the older Sanskritic tradition, and the resulting mutation ought to be present- 
ed as the revelation of a divinity or of an yxi; the attitude of the contem- 
porary Indian scientist is, normally, that there is one scientific method, inter- 
nationally approved of and validated by experience and by its pragmatic 
success, and that the views expressed by gods and seers in the past are not 
guides to scientific truth, though some weaker souls may wish to vindicate 
them by reinterpreting them to conform to, and thus to anticipate, contem- 
porury scientific hypotheses. 


In thé seventeenth and eighteenth centuries Indian intellectuals were 
forced to respond to a forerunner of modern science in the form of Ptolemaic 
atronomy as practiced by Muslims.! Though accepting Aristotelian physics, 
Muslim astronomers for a variety of reasons, not the least of which was the 
availability of the conflicting Ptolemaie and Indian models and parameters 
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Fig. 7. 

The main illustration of the complete machine: 

it is probable chat this is a plan view, rather than an 
clevation (see Hassan op. cit. 56-59). 


Fig. 6. 

A drawing of one of the twa cylinders — the 
ring at the end of the connecting rod is attached Lo 
Abe side of the slot-rod. 
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Figs. 5, 6. and 7 
(V5, Figs. 139, 140, 141) 
These illustrations are of the second of the al- 
ternative designs of the wellknown slot-rod pump. 


Fig. 5: 

The two meshing cogwbeels, the upper one 
driven from à paddle-wheel, the lower ane having the 
slot-rod on its face. The orientation of this sketch is 
the same as in Topkapi 3472, whereas in Oxford Grae 
ves 27 it is turned through 90 degrees, The oriente 
tion shown here is almoët certainly correct. The coge 
wheels are shown disenguged. otherwise the illustra- 
tion is good. 


Fe. 4 
UV. 10, Main illustration, Fig. 193). 

Musical automaton. The wbistles are at either 
+ at the top: air-pipes lead into them from the twa 
tanks. The water runs into one side from the balanced 
supply pipe, causing the whistle 10 sound, until the 
ont in the chamber at the top of the tank rises. The 
vertical rod on top of the float causes the supply pipe 
ta tilt and discharge into tbe other tank. À siphon 
evacuates the first tank. The cycle repeats itself ne 
long as water Rows into the system. 
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Fig. 3. 
(Aädendum to IV.4, Fig. 125) 

À fountaiabend having three _ possible shapes: 

It is supplied from two tanks, with a switching system 

similar to that described for Fig.# below. Thrée cou: 

centrie pipes enter the fountainbead, the two inner 

ones from one tank, the outer one from the other. 


Water from the innermost pipe emérges as à sträfght 
jeti it emerges from the second pipe us a ‘tent’ - the 
water impinges on a convex plate and descends as 2 


‘eurved sheet. After change-over it emerges from the 
outermost pipe as a number of curved jets. 


Fig. 2. 
(V2, Moin illosteation, Fig 122) 

This is a doubled version of IV-1. Oue fountain- 
head emits a single jet when the other is discharging 
several. When they cbange over, the situstion js 
reversed. Again, the rode attached to the 
huckets are omitted. 


Ulwereatiou 
{Tbe numbers in parentheses give the Category, Chapter, and Figure Nos. from Hill) 


Fig. À 
UV. 1, Main illustration, Fig. 121) 

A fountain made 10 alternate by bleeding water 
from the main supply pipe, which is free to oscil. 
late about an axle, into one or other of the tipping- 
buckets. As shown here, the discharge is into the 
tight-hand side. When the tipping-bucket ill, à 
tilts and a vertical rod soldered to its rear face 
pashes the supply pipe, eausing it to tip towards the 
left . The vertical rods are not shown in this illustra- 
ion but appear in the parallel illustration in Topkapi 
3472. 

The fountainhead emits a straight jet when 
supplied from the left-hand tank, and several curved 
jets wben supplied from the right. 
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the end of Chapter 10 of Category IV. The first part describes a woodwind 
instrument having ‘fingers’ that are raised and lowered in succession over 
its holes by cums fixed to the axle of a water-wheel. There is no illustration 
for this instrument. The second part of the addendum describes the device 
shown in the illustration mentioned above. This is a rocker-arm consisting 
of two flume-beam swapes joined at right angles, and oscillating about an 
axle located at the joint, The oscillation is produced by the ‘bleeding’ of water 
through a narrow pipe from the main supply channel into whichever of the 
flumes is temporarily horizontal; when the scoop at the end of the flume 
fills, this side tilts and the other flume comes to the horizontal and its scoop 
begins to fill, and so on. Al-Jazari says that this device was not only used 
for fountains and musical automata, but that it was incorporated in many 
different machines. 
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The colophon is on page 293, after the end of VI. 5. On page 294 the 
letters of the “secret” alphabet are given with their equivalents from the nor- 
mal Arabic alphabet: the few lines of explaratory text are in a differént hand- 
writing from the rest of the manuscript - it is a badly written naskhi. There 
are three illustrations on page 295. The largest of these is in the centre of the 
page and is the main illustration of IL, ie. Fig. 80. It is clearly by a dif. 
ferent draughtsman than the one who drew the illustrations for the main 
part of the manuseript; it is badly drawn and would be almost useless for 
explanatory purposes. Lower down, to the right and left of the page are two 
small, erude sketches of devices similar to those described by the Banü Müsä, 
indeed the one on the right can be identified as their Model 79, Above either 
sketch there are passages describing these two devices (there is no text relat- 
ing to the al-Jazari device). These descriptions are not in the words of the 
Banû Müsä. The handwriting is different again, a somewbat better naskhi 
from that on page 294, but not as good as as that of the main manuscript. 
At the bottom of the page there is the start of a passage in Färsï, which con- 
tinues on page 296. This passage, in yet another naskhï hand, is part of a trea- 
tise on weighing; at the bottom of the page thereis a drawing of a balance 
with five pans, The contents of page 294 appear in most of the al-Jazarï 
manuscripts, and this page was probably added to supply an obvious omis- 
sion. Pages 295 and 296, however, are quite extrancous. 


Summarising from the foregoing tabulation, the only absolutely complete 
chapters are: TILL. - pitcher for dispensing hot and cold water; 11.2. - pitcher 
for dispensing water: IIL4. - peacock for dispensing water; IV, 1 t0 6. - 
fountains ; LV. 9 and 10. - musical automata; V,L. - pump; VI,2. - protractor; 
VL,3. - combination locks. AI the illustrations are included in these fourteen 
chapters with. of course, all the main illustrations. There are also another 
five main illustrations which appear in incomplete chapters, namely: 1,9., 
Fig. 76 - monkey candle-clock: F, 10., Fig. 78 - candle-clock of the doors; 
IV, 7 and 8. Figs. 130 and 131 - musical automata; VL5. Fig.173 - watér- 
clock of the sailor. Half of the illustration of the door, VI, 1., Fig. 141, remains. 
This fne miniature was originally on one full folio, and it seems likely that 
the other demifolio is lost for good. Fourteen of the dispersed main illustra- 
tions were published as plates in Hill, op. cit., so we now have a record in two 
documents of 33% of the original 50 main illustrations. 


There are three chapters on water-raising machines, namely V, ], 2 
and 4, for which the text is complete although there are no illustrations. 


In Hill, p. 238, Plate XXXII shows a device for which there was no 
description in the manuscripts that were available to me wben Ï made the 
translation. There is, however, an addendum, to the text in the manuscript 
under review and in Topkapi 3472; in both cases this addendum occurs at 
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Pages ts _ 
A Original 
Category Chapter) ER contents | Illustrations 
TV Intro- 212 Text only None | AÏl except last two lines 
duction 
110 10 | 212 to 245 | 10 Chapters | This Category is complete, with all the 
Figs. 120 to |illustrations, except for the following 
133, PI.32 |part of the text: 
| end of chapter 7, start oi 
chapter 8 
| | 
Y 1 | 245 to 248 | 1 Section 134* None 
Fig. 134 
2 |248t0250 | 1 Section 135 | None 
Fig. 135 
3 |250,251 |2Sections | 136* |End of S.1, start of S2 
Fig 136 | | 
4 |25110258 |1Section | 137* None 
| Fig. 137 
5 |25310260 | 4 Sections None None 
Fe 138 ris chapter| is complete) 
VI 1 261 to 264, | 3 Sections | Half of 142*| Introduction, start of S.1 
! 269 to 273 | Figs. 142 (section 2 is complete but is 
to 148 misnumbered as section 1) 
2 |273t0277 | 3 Sections | None None 
| Figs. 149 to| . 
| 152 (This chapter] is complete) 
3 27740286 2 Sections | None | None 
| Fig. 153 40 lrpis capter] is complete) 
4 |287t0290 | 2 Sections 172* | End of S.2 
| Figs. 167 to 
172 
5 | 291t0293 |1Section | None | Last paragraph 


Fig. 173 
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&| Pages Ex 
Category [| in new Original es , 
G] numbering | contents lustrations 
HT 1} 17010 175 2 Sections None 
EU (age 
| 
2|175 t0183 | 2 Sections None 
| igs. 105 | 
to 108 (Chapter 
i 
13 18310188 | 2 Sections | a 
Figs. 109 
[toi | 
| | 
14/188,189, |1 Section | None 
1265.26 |Fw 12 | (Chapter 
15! 266,267 | 2 Sections u3* 
Fig. 113 
6 | 267,268, 190, 2 Sections | 114, 115* 
10 193 Fig. 14, | 
ul 
| 194 10196 | 2 Sections | 116" 
| | Fig. 116 
8. 196 to 201 | 2 Sections |  117* 
lFig. 117 | 
} 
9 | 202 to 207 | 4 Sections u8* 
| Fig. 118 
|10| 208 to 211 | 2 Sections 119* 


Fig. 119 


_Omissions 


Text 


None 


is complete) 


None 


is complete) 


Middle of 5.2 


Il None 


Àis complete) 
| 


| Most of the chapter 
l 


Last few lines of 5.2 


{ 
{ 
Start ofS.1, middle of S,2 


End of S.2 
Start of S.1, end of S4 


Start of S.l, end of S.2 
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de us Onmissions 
E # Original 
Cate E : 
ed ä Pen | contents Illustrations Text 
1 9 10810110 | 2Section None AI S.1 except last two 
Fig. 76* lines 
| 
10 110 to 113, 2 Sections s None End of S.2 
130.180 | Fire 77 78 
Los 1 lä4tol17 | 2 Sections 80° AI S.1 except last three 
Figs. 79, 80 lines 
2 117,118 1 Section 81* Middle of Section 
Fig. 81 
3, 11910129, | 5 Sections 82* End of S.1 
13210139 | Figs.82 to 
86 
4 13910145 | 3 Sections 87* None 
Fig. 87 
5 146t0155 | 3 Sections 88* AI S.1, start of 8.2 
| Figs, 88 to 
93 
6 156t0159 | 2 Sections 94*,97 Start and end of S.2 
| Figs. 4 to 
| |o7 
7 1600162 | 3 Sections 98* All S.1, centre of 5.3 
| Fig. 98 
8 162,163 2 Sections 09% End of S.2 
Fig. 99 
9 164 to 167 | Z Sections 100* Title, end of S.2 
| Fig. 100 
Î 
10 168 to 170 | 2 Sections 102* Start of S.1, middle of 8.2 
Figs. 101, 


102 
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le Em 2 [D  Omissions 
Guy lE à mew Original . 
ates | ; 
E numbering Contents | IMustrations Text 
it + = = = 
| 
Cover 1 " - L 
Tatio- 
duction | Zto4 Same = - 


1 1 41t0 10,69, 10 Sections, FR é 78 End of SL centre of 8.2. 
, start and end of 5.3, first 
| 70,11 to 30 Figs. to 33 14,15,16, few words of S.4, most of 
| 18,19, 20, S,6 - only the start re 
221035, mains, all 8.7, start and 
| 28 to 33 end of S.8, start and end 
of 5.9 


2.30 to 36 5 Sectious  34*, 39,40 Most of S.1 - only the 
Figs. 34 to start remains, first few 
40 words of S.2, last few 

| lines of S.3, al S4, most 

of s.5 


31 rt 60 37 to 6 Sections,  41*,42 AN S.1, all S.2 
Figs. 41 to 


4145 to 68, 71 Se Sections! 48*, 51.82, End of 1, let fev lines 
of 8.3, ali 8.6, start 0! 
829 FE S.1, end of 8.12, start of 
S:13; end of 8.15 


51/7710 82 |3Sections . 60°, 62, Start of S.1, middle of S.3 


Fe 60 to 
682 to 95 [A 6 Sections 63,66. 67 : Most of S.1 - oi ay start 
(86 is a Figs. 63 to remains, most of! HE only 
bi f ; Start remains, and some 
Fi k lo lines at the end, all 5.4 
PS6 DS OR | 3 Settièns || T4 Last part of 5.3 


99t0 103 | Figs. 71 to 
T4 


8 104t0107 | 3Sections  75* Start of S.1, most of S.3 - 
Fig. 75 only the start remains 
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715, or December 1315. This is therefore the third oldest known copy of al- 
Jazarïs work, being pre-dated by Topkapi Ahmet III 3472 and Topkapi 
H. 414. The list of Mes given by Hassan (op. cit. 60-62) brings up-to-date the 
the list in Hill 3-6. Of these fourteen Mss I have now examined the originals 
of eight, namely: Bodleian Library, Oxford, Graves 27 and Fraser 186; 
University of Leiden Or. 117 and Or. 656; Bibliothèque Nationale, Paris, 
Fonds Arabe 2477 and 5101, Suppl. Pers. 1145 and 1145a. 1 have also seen 
pages from Hagia Sophia 3606. 1 have photocopies of Topkapi Ahmet IIL 
3472 and Chester Beatty Library, Dublin, No. 4187. L have yet to examine, 
therefore, Topkapi Hazine H 414 dated 672/1274, Topkapi Ahmet III 
3350 dated 863/1459, and Topkapi Ahmet IT 3461, date unknown. Hassan 
assesses the first of these three as a very good copy, the second as inferior 
with regard to the illustrations, and the third as uneven, with some sections 
poorly written and illustrated but most of it of good quality. Leaving aside 
the question of completeness, it seems that the 715/1315 manuscript can 
be ranked among the best. The calligraphy is excellent, the illustrations are 
very fine, and the text, though not without errors, is free from major blemisbes. 


The manuseript has Persian pagination, added at some time after the 
copy was made. Unfortunately, this pagination is unreliable: some pages 
are unnumbered, some are out of order, and in certain cases the lengths of 
the lacunae indicated by the gaps in the numeration do not match the lengths 
of the missing text, The expedient was therefore adopted of numbering the 
pages (i. e. demifolios), starting with the cover, and then sorting the pages 
so numbered into order, This produced the following sequence: 1 to 10, 69, 
70, 11 to 36, 59, 60, 37 to 68, 71 10 95, 98, 96, 97, 99 to 113, 130, 131, 114 to 
129, 132 to 189, 265 to 268, 190 to 264, 269 to 296. 


In the following analysis this new pagination is used, and the illustra- 
tions are given the Figure Nos. from Hill. In the right-hand column the abbre- 
viation *S° is used for Section. Al-Jazari provided one main illustration for 
each chapter and numbered them from 1 through to 50; these are marked 
with an asterisk. 


Notice of an Important al-Jazar Manuscript 


Donaio Hur* 


This notice refers to a manuscript of al-Jazarïs book on machines en- 
tited The Book of Knowledge of Ingenious Mechanical Devices, ox A Compen- 
dium on the Theory and Practice of the Mechanical Arts. It had previously been 
thought that the manuscript of this work dated 715/1315 had been com- 
pletely dispersed; see, for example, Hill op. cit. p. 5. and Abmad Y. al-Hassan 
in Vol. 1, No. 1 of this journal. Happily, this assumption proved to be in- 
correct, since about two thirds of the original manuscript, the property of 
the Hagop Kevorkian Fund, was included in Sotheby's Spring Islamic Sales 
on 3rd April 1978 in London. As reported in “The Times” of 41h April 1978, 
the manuscript was purchased by Messrs. Spink and Son of St. James's, 
London for a little over £ 160,000. I would at the outset like to express my 
sincere gratitude to these two highly respected and responsible companies 
for the courtesy and co-operation that they have extended to me in the fur- 
therance of my researches. Sotheby's gave me access to the manuscript before 
it was sold, and sent me a number of colour transparencies of the illustrations. 
had fruitful discussions with members of the staff of Spink and Son, who 
provided me with a complete black-and-white photocopy of the manuscript. 
Tam also very grateful to both companies for having given me permission 
to publish this paper, and to include in it, as 1 saw fit, any of the material 
that they so generously provided. 


Some time ago a number of the illustrations were removed from the 
manuseript and found their way into various public and private collections, 
In my book I published twenty-one of these illustrations, these being all 
that L was able to trace. There are, however, 664 illustrations missing from 
the manuseript sold by Sotheby"s, so clearly a number remain undiscovered. 
Most of the lacunae in the manuseript can be accounted for by the removal 
of these illustrations, since either the accompanying demifolios of text or the 
surrounding text were removed with the illustrations. 


The manuseript is written on thick polished paper, 314 mm. by 219 mm. 
to the page, in very fine naskhi script with 21 lines to the page. The colophon 
on page 207a (Persian pagination — see below) gives the name of the scribe 
as Farkh ibn “Abd al-Latif and the date of his copy as the end of Ramadän 


* 3 Amey Drive, Great Bookham, Surrey, England. L wish to express my gratitude to the Royal 
Society for awarding me a grant in 1978/79 to assiat me in my work on medieval Arabie technology. 
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“Much has been said about the composition of (books on) the art of 
medicine, and the part of it which is on therapy is dealt with far more than 
is necessary, (while) the theoretical part (is dealt with) far less than is neces- 
sary”. 

It is possible that the concentration of theoretical matter and the 
dearth of description of practical procedures rendered it less useful and so 
less popular than al-Majüsie book. And hence. it never diffused to the West 
like the other book, The same fate seems to have befallen another kunnäsh 
written within 50 years of K. al-Mia and contemporary with al-Majüsr's 
book, perhaps for the same reason. Al-Mu‘älajàt al-bugrätiyya is a large 
system of medicine in 10 magälät compiled by Abü'l-Hasan Ahmad al-Tabari,** 
the court physician to Rukn al-Dawla (932-976). This book has a similar 
arrangement of subject matter to K. al-Mi'a and deals with all the classical 
topics of medical theory. Diseases are likewise set out in the usual hend-to-toe 
arrangement, The book is heavily biased towards theoretical discussion and 
is of high intellectual calibre, Relatively little attention is paid to matters 
of practical importance and it could not have had much appeal for the average 
practitioner. The author explains in the introduction to the book* that 
he has compiled it in order to salvage medicine from the hands of the ig- 
norant and the superficial, and to return it to the tradition of the ancients 
he s0 admires. The result is not unlike K. al-Mÿ, except that it is perhaps 
less lucid and complete, This book likewise did not elaim the attention of the 
Latin translators, nor was its author apparently known in the Latin West. 
In recent times, its fourth magäla, which is on ophthalmology, was studied 
by Hirschberg," and some of its sections on diseases of the skin were trans- 
lated into German by Mohammed Rihab.® Otherwise, it has remained rela- 
tively unknown. 


Despite these considerations, the question with regard to al-Masïhis 
book must remain largely unanswered. It must be said in conclusion that 
the omission of this book from the mediaeval list of translations deprived 
the West of an important compendium, equally as valuable as al-Majüer's 
Kämil al-jinä*a and of the same calibre as Ibn Sinä’s Canon. 


49. Sume meagre facts about al-Tabart'e life are to be found in JAU, I. 321. Se also GAL 1, 237: 
SI, 422. 

50. There is a complete manuseript of this work in the Bodlelan Library, Oxford, Marsh 158. 

51. J. Hirschherg, Geschichte der Augenheilkande bei den Arabern (Leipzig, 1908), pp. 107-114. 

52. Mohammed Rihab, “Der orabische Arat a-Tabarï. Übersetaung cinrelaer Alschnitte aus 
scinen “Hippokratischen Behandlangen* * Sudhoffs Arckhiv, 19 (1927), 123-168. 
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territories. If they translated only what was available to them in Spain, then 
the choice of book was indeed dependent on its being present there. This raises 
the further question of why K. al-Mia was not available in Spain. In fact, 
as was noted earlier none of al-Masïhi's other books were translated into Latin 
either, nor does he himself seem to have been known to the Latin West, Thisi 
indeed a puzzle. Why, for instance, should “Ali b. al-“Abbäs al-Majü 
kunnäsh, Kämil al-sinäfa bave been translated into Latin and not K. al- 
Mia? These writers are quite comparable to each other: both were Per- 
sians and wrote their books in Persia within 50 years of each other, Thus, the 
problem of geographical diffusion should have been the same for both. The 
books are comparable in scope and style. Al-Majüsi's book is a large two- 
volume encyclopaedia on the whole of medicine, theory and practice. Like 
K. al-Mia, it discusses every aspect of medicine and elassifies its subject- 
matter in the same thorough way. The accounts are of the same order of 
Iucidity and precision. Kamil al-sinäfa is likewise written with great authority. 
However, there is a difference between the two in the amount of space given 
to practice as opposed to theory. In this sense. Kämil al-sinäta is the mure 
balanced, for half of it is on theory and half on practice, whereas, K. al-Mi'a 
is mainly devoted to theory, as has been shown above. This is in line with 
alMasibi's pupose in writing the book, for be says in his introduction: 


GUs vhs Jens 59 6 be ÿ Li Sd sr plie pi lin 255 
LEA El NAS SAN où Eu Rs A A0 GI Us gras pe EN 


Ab role 


“This science, by its present nature, requires that it should be arranged 
in its entirety, simplified, and summarised. As to its theoretical part, this 
should be made complete and corrected; and as to its therapeutic part, this 
should be condensed and made more accessible. So I fulflled all these condi- 
tions to the utmost of my capacity, and (the book) emerged more correct, 
complete, and easy to use, and as short as possible.” 


hs 


ed via 


And further on in the introduction, he adds this: 
M ju cell lat Je af ee al es Qi Ge Go ed ÿ PQ AT AG 
carla ge NE AN Ets 


48. EAN b, aLAbbâs al-Majfsi lived and worked during the reign of the Persian ruler, Adud 
alDawla (049-982). Very litile is known of his life (see AU, I, 236; al-Qifii, op. rit. p. 232; GAL, 
1,247: ST, 423). His book. Kémil al-Sinä*a, also known as al-Kit3b al-Malakt (because it was dedicat- 
ed ta “Agud al-Dawla), was translated into Latin by Constantine the African as Liber Pantreni in 
the 11h century, and by Stephen of Antioch as Liber Regius in 1127, and enjoyed great fame and 
Popularity in medineval Europe. (See Leclere, op. ei, 11, 359 and H. Schipperges, Die Ass 
der arabischen Medisin évreh des lrueinisehe Mitelalter, Sudheÿfs Archir, Beihefte, Het 3. Wieshaden, 
1964, p. 35). 
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hyenas, and tigers, as many other kunnäshät did, nor does it mention poison- 
ous substances or medicines, as was also usual. 


Comment 


It should be clear from the foregoing description of contents that K, 
al-Mia is a large, comprehensive work which attempts to systematise the 
whole of medical theory. The major part of the book is devoted 16 theoretical 
considerations, and only a small part deals with practical procedures, There 
are no quotations from other medical authorities, a practice common to many 
kunnäshät, where a quotation from an Arabic or Greek physician was often 
added either to lend support to the writer's opinion or to provide additional 
information on the subject under discussion, There may have been other 
reasons also. The general style of the book is authoritative and it may 
be that the author’s sense of his own authority made the inclusion of the 
sayings of others unnecessary. Be that as it may. easy to see why such 
scholars as Leclere and Sartou saw K. al-Mia as a model for Ibn Sinä’s Canon. 
Its encyclopaedie range, extreme systematisation, and authority are indeed 
reminiscent of the Canon. 


In à sense, it may have even been preferable to the Canon. For, the 
scholarship of the Middle Ages which was s0 inelined to favour rigid classi- 
fications and compact systems might well have welcomed the relative brevity 
of K. al-Mi'a. Furthermore, al-Masibÿs book is written in a lucid and didactie 
manner that would have made it of the greatest use to the mediaeval pedagogic 
tradition, It is extraordinary therefore to observe that al-Masihi's encyclo- 
paedia was not known to the Latin West, 


This of course raises the unresolved question of why certain Arabic 
works and not others were translated into Latin.From the point of view of 
subject matter and form. K. al-Mia should have been ideal for the Latin 
mediaevalists. Its omission from their translations is difficult to explain. 
Of course, it is known that the bulk of translation from Arabic into Latin 
was carried out in Spain, and therefore the choice of material for translation 
must have been dictated in part by the availability of boaks in Toledo and 
other Spanish centres of translation. We do not know what efforts were made 
by the Latin translators, if any, 10 obtain books from elsewhere in the Islamic 


47. Such quotations have been of the greatest value to modern scholarchip. For example, Tba 
al-Jazzäs's book, Zäd al-Muséfir, provided Daremberz during the last century with important frag- 
ments of Rufus’ medical writings wbieh ke incorportateñ into his Ueuvres de Rufus d'Ephèse (ed. C. 
Daremberg and E. Ruelle, Paris, 1879). AN b. Rabban al-T'aborï's Firdaws al-hikma (ed. by M. Z. 
Siddiqr, Berlin, 1928) contains a rich variety of quotations from Greek, Arabic, and Indian sources. 
Pseudo-Thäbit's K. al-Dhakhira fi “im al-ibb, (ed. by G. Sobhy, Caico, Government Press, 1928). 
also transmite muny quotations from others. 
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on the uterus and on pregnancy. This is followed by a book “on the treatment 
of diseases special to men” and concerns inflamations aud uleers of the genital 
organs. But it also includes something on what may be térmed “sexual medi- 
cine".# This is concerned with the ill effects of sexual over-indulgence and 
not with ways of increasing pleasure, as is to be found in the comparable 
sections of some other kunnäshât. 


The head-to-toe diseases end with gout and sciatica, The books after 
that are on external, or skin diseases. This includes the conditions affecting 
the hair such as alopecia and spl g of hair, and the disorders of the complex- 
ion like vitiligo, and the scars of smallpox and ulcers, as well as other skin 
diseases. Such a section on external diseases was & standard component of 
all kunnäshät. It also included a certain amount on cosmetics: such matters 
as the dyeing and curling of hair, the removal of unwanted hair and remedies 
for purifying the complexion and changing its colour. The external disease 
part of K. al-Mi'a, however, has very little cosmetic emphasis and no direct- 
ons for the dycing or eurling of hair. Book 99 is on fractures and dislocations. 
It is a short chapter and describes the general treatment of the body when 
a fracture takes place: this consists of evacuation and blood-letting in order 
to prevent the seepage of humours from the fracture site, There are some 
directions on how to correct dislocations and fractures and on binding the 
allected part. 


But it is unlikely that such brief directions as are given would have 
been of much use to an orthopoedie practitioner. What is more likely is that 
as this was à routine inclusion for most kunnäsh:t, it was included here for 
the sake of completeness and does not necessarily imply that the author had 
ever practised any of the procedures he describes or that he intended them 
for practical purposes. 


The last book is on another standard inclusion of kunnäshät, namely, 
the bites of venomous animals: these include the snake, scorpion, tarantula, 
and wasp; there is also a chapter on the bites of rabid dogs, again a favourite 
subject with Arabic physicians. Suake and scorpion bites are treated, as might 
be expected, with the theriac, since theriacs were originally made up ns anti- 
dotes, and it was only later that their use became widespread as universal pan- 
aceas.® The book does not deal with the bites of large animals, such as lions, 


4$: In Arabie Herature, this phrase includes a mumber of related topics: the place of évitus in 
health; disorders associated with the performance of coitus such as impotence aad priapism: 
thoea and nocturnal emission. The remedies in such sections often included numerous aphrodieiacs. 
Some books added chapters with à stronglÿ erotie Gavour on such subjects as ways Of increasing sexual 
pleasure and sexual positions. 

46. The theriacs were a group of compound medicines said to have beeu devised by the Greek 
physicien, Andromachas, as antidotes against poisons of all types. By Galens time, they were in 
use for other conditions as well, and later still, they became universal panaceas. See G. Watson, 
Theriac and Mithridatum (London, the Welleome Historical Medical Library. 1966). 
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For example: 


“Book 65: The treatment of diseases occurring in the organs of sensation 
and motion, that is to say the treatment of spasm, tetanus, flaccidity, numb- 
ness, and tremor”, 


“Book 79: the treatment of gastrie evacuations, that is to say the treatment 
of cholera, dysentery, and lientery”. 


In general, the head-to-toe disease section of K. al-Mi'a is relatively 
short and relegated to a place of secondary importance. All chapters on disease 
are short and contain a cursory account of causes and symptoms. This is 
unlike the practice employed in many kunnéshät of the time, where the head. 
to-toe diseases were given a place of pre-eminence as being the main subject 
matter around which the other principal subjects of medical theory were 
arranged. The reason for this departure in al-Masïhi's book is evident from 
the fact that he devotes considerable space to the theoretical principles 
underlying the causes and mechanisms of disease, symptoms, and therapy. 
Hence, when be comes to the description of actual disease entities, he is very 
brief on their specific features. having already explained their general 
characteristics at length. 


The account of epilepsy is a typical illustration: 


(£. 282, 14 — 1.11) 

aa si Je JS GLEN gaus Saad SE de 0 fl Lesué GT ge d3R 4 
où pal Lans EN Dj Ge à L'obae di ais gp del JS ge anus OÙ AL ef Lee 
(Se LS LU 4 CEA as 55 au ü 1 SN 55 GS SAN oèu 
2 Ha Ge 835 98 Les 06 A5 de Es JE pt Ju fa 


CT 


oi Ji 


“(Epilepsy) may oceur from a malady specific to the brain, or it may 
oceur in association with the stomach and some of the extremities, such as 
the leg or the hand; or because of association with the womb in women. Thus, 
something ascends from each of these organs which obstructs the apertures 
of the ventricles of the brain and so epilepsy occurs, If it ascends from one 
of the extremities, it will be necessary at the time of the fit and before it hap- 
pens ta bind (the part) ahove that place with a firm, tight bandage until the 
fit is stopped. Then the part should be painted with pepper, castor, euphor- 
bium, and anacardium honey, and left until it blisters”. 


It will be readily seen that there is no clinical description here. The 
rest of the chapter is concerned with therapy, which is given in some detail. 


The list of diseases described goes down through the body in descending 
order. After the books on diseases of the urinary tract, there is a short section 
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significance, (this is 10 be differentiated from prognosis, which is the subject 
of book 54); the periods of disease, meaning the four stages of disease as class- 
ified by Greek and Arabic physicians: commencement, increase, culmination, 
and decline; and the three cornerstones of mediaeval disease theory: coction. 
crisis, and critical days. The subjects are dealt with in characteristically 
detailed and lucid mavner, and the accounts are exactly in line with the car- 
lier Greek teaching and with the other Arabic books on the same theme. 


There are three books on the preservation of health. These include 
the healthful regimen to be adopted at various ages. Attention is to be paid 
ta the diet, sleep, movement and rest, baths, massage, psychical events, and 
the ambient air — in other words, to the six non-naturals. This matter was 
a regular component of Arabic kunnäshät, and was also treated as a separate 
subject, as the many Arabie tracts on hygiene testify.“ Book 59 is on the 
principles of the treatment of diseases, and contains a clear statement of the 
physician’s function with regard to disease and its management: 


(£. 267a, 1.12 - 1.14) 
Sig ga de ge À Jet ge 0365 dal Le 2 db ut salle Je 
ds qu a mu SL el, AI ds € Goes 4 6925 Le Uyans Lee 36 ls 
S oge ge GN 5AN OUI UN Vs lost oi ds qe sos das Ge gôlMt 5e Le 


Dpes 


“The physician acts as an assistant Lo nature, in that he brings to it 
medicine and other things either internally or externally, in the correct amounts 
and at the correct times. For he aïds (nature) to attain What strengthens it 
and assists it in repulsing the disease. In this way, nature repulses and elim- 
inates many diseases without either medicine or physician, nor can either 
medicine or physician eliminate a disease once the strength has collapsed 
and become impotent”, 


Thus, here is a clear adherence 10 the Hippocratic attitude with regard 
to the importance of nature and to its standing as the real physician. There 
is then a detailed and highly systematic account of the things wbich have 
10 be taken into account when deciding on the correct treatment. It is only 
at this point in the work that practical directions as to the management of 
specific diseases are given, but even then, there is little emphasis on therapeu- 
tic detail, The next series of books represent the head-to-toe disease section 
of the book. There is an unusual tendency to classify some diseases according 
to functional and pathological considerations rather than on the basis of 
pure anatomical site. 


44, Qus3 b. Lüqä, Ihäq b. “Imrän, Ibn Sin, Ibû al-Mufrän, and imany others wrote seperate 
Kruëts on hygiene. 
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The funotion of air is to be a cooling agent for the heart. which is conceived 
of as a furnace wherein the innate heat burns. The lung therefore acts as a 


bellows to cool the heart. Thus, 


(£. 216b, 1.10 - 1.14) 
goe lvl ee ouest Ge estils pol LUS ess LS SN col 
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“The lung expands and contracts with the expansion and contraction 
of the chest. When it expands, its cavities fill with and when it contracts, 
the smoke of the heart which has been expelled to it is expelled to the ex- 
terior, For respiration is the means whereby the heart obtains the air with 
which it is fanned and (hence) its heat remains moderate and pure, and from 
which is created the animal spirit by whose agency the life force and the innate 
heat reach the rest of the body”. 


These ideas on respiration are very similar to the ideas expressed by 
Aristotle and Galen, in particular the concept of the bellows and the burning 
furnace whereio combustion takes place, and hence the need to expel ‘the 
smoke of the heart”# The next 9 books deal with “pathology”, for they con- 
cer the pulse, the urine, and faces, and their features in health and disease, 


The book on the pulse is complicated and detailed. Pulse lore was a 
most important aspect of the Arabic medical system. Arabic physicians rou- 
tinely described 10 kinds of abnormal pulse. These went under certain names, 
such as the “mouse-tail pulse" and the “gazelle-like pulse", and their patterns 
were intricately described. This seems to have been a theoretical artifice 
more than anything else, and it is doubtful whether anyone actually ever 
felt most of what was described. Of no less importance was the subject of 
the urine, Al-Masïhï goes into the matter of uroscopy at length and in great 
detail, with great emphasis on its pre-eminence in the art of medicine. He 
explains how urine is formed from the watery part of blood and stresses that 
its examination will give information about many internal conditions. The 
different kinds of pathological urine are described. which, like the kinds 
of pulse, were commen to all Arabie medical writing. 


The following books deal with several important subjects: on the antic- 
ipation of ilinesses by warning signs, which was a review of signs of prognostic 


43, There is a similar description ia Aristotle's De Respiratione, trandl, by W.S. Hett, Loeb Class: 
ieal Library, (London, Heinemann, 1957), p. 479: and at greater length in Galeu's On the Usefulness 
of the Parts, op. eit.. À, 316. 
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latter survives only in Arabic translation. 


The subsequent books have detailed discussions on the signs of psychi- 
cal ailments, on secretions evacuated from the body, and on fevers. The book 
on fevers is devoted to the theoretical understanding of the nature and differen- 
tiation of fevers. He defines fever as a contranatural heat: the site of this 
heat in the body determines the type of fever it is, as follows: 


(£. 194a, 115 - £. 194b, 1.2) 
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“When the heat is in the spirit, it is an ephemeral fever; it goes either 
in one day or in one paroxysem. If it stays for longer than oue duy, and when 
{the heat) is in the humours, then it is a putrid fever. Putrid fever may be 
continuous, and that is when its matter is confined 10 the veins, or it may 
have periods and paroxysms, and that is when its matter is outside the vein. 
When (the heat) is in the organs, it is a hectic fever.” 


His account of fevers follows this pattern and makes the subject, which 
must have posed the physician of the time the greatest diagnostic difculties, 
sem simple and straightforward. Book 41 is on the signs of diseases of 
various parts of the body. The next book gives an account of the signs of the 
temperaments, This describes the signs of a hot, cold, wet, dry temperament, 
and compounds of these (i. e. hot-dry, cold-wet, etc.), and how the tempera- 
ment may be diagnosed from the colour, the facial expression, the touch, and 
the actions. The temperaments of organs are also included. There is a section 
on the indications from the facial features, the teeth, the nails, and the skin 
as to the temperament (for example, a hairy chest indicates a hot temperament 
of the heart). This science, (physiognomy, Arabic: al-firäsa), was a most im- 
portant subject in Arabic medicine. Al-Räzi has a large section on it in his 
K. al-Mansüri, and several Greek works on the subject were available in Arabic 
translation from the time of Hunayn b. Ishäq.#* 


Book 44 is on respiration and forms a compact and interesting account 
of the physiology of respiration of the time. There is a reiteration of the doc- 
wine of spirits and a discussion of their entry and elaboration in the body. 


41. This tract bas been tranclated from the Arabie by M. C. Lyons as On the Cohasive Causes, in 
Corpus Medicorum Graccorum Supplementum Orientale, 11, (Berlin, Akademie-Verlag, 1969). 

42. Notably, the boak on physiogaomy af the Greek sophist, Polemo, which survives only in Arabic 
ranslation as K. fflimän fr'-frésa. The material here is very similar to that in K. al-Mi'a. 
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and urine are also listed here. Book 32 continues an account of drugs classified 
according to their qualities, degrees. and special effects; that is, under “heating 
medicines in the frst degree”, there follows a list of substances; under “those 
medicines wbich attract the humours”, another list of substances, and s0 
on. 


Book 35 discusses the classification of discases, their causes, and their 
signs. As if by way of introduction, al-Masïhï explains something of the nature 
of all diseases: 


(£. 164b, 1.15 — 1.20) 
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“Diseases, their causes, and their symptoms are all contranatural mat- 
ters, The purpose of the art of medicine is to remove them all, in order of prie 
ority. For (although) that which it is intended to remove first is the disease, 
because it is what is harmful in fact, (yet) it will not be removed unless the 
cause which bas brought it about is removed (first)”. 


There then follows a classification of diseases according to the four 
primary qualities with examples 10 illustrate each type. and according 10 the 
compounds of the primary qualities, and whether these are accompanied by 
matter or not, As to the causes of disense, he clussifies them and explains 
these in this way: 


(£. 167b, L.15 - f.168a. 1.1) 
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“The causes of disease are of three kinds: the first is that of the immediate 
causes; the second is that of the antecedent causes; and the third, that of 
the connecting causes. The immediate causes are those which affect the body 
(but) are external to it, like the strong heat of the sun which gives rise to 
fever. As to the causes which affect the body from inside, if there is a connec- 
tion between them and the disease, then it is an antecedent cause, But if there 
is no (causal) connection between the disease and one of them, then that 
is a connecting cause". 


This classification is in fact very similar to the Galenic classification 
of the types of causes, as explained in his tract De Causis Contentivis, The 
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Books 30 to 34 are concerned with the faculties of medicines and their 
classification, The subject of medicines was of the utmost importance to 
mediaeval physicians. Here is a clear exposition of the theoretical approach 
to the use of medicines in terms of their qualities and their special actions, 
whether purgative, diuretic, emetie, and so forth. The author encourages 
the use of “empirical medicines”, (mujarrabät), but stresses that where pos- 
sible, only one drug should be used at a time. These mujarrabät are of some 
interest; many books were devoted to this subject during the Arabie period, 
including those by al-Kindï, al-Räi, Ibn Sinä, Ibn Zuhr, Iba al-Tilmidh 
and raany others. Sarton®? was very impressed with the tradition of mujarrabät, 
and held that it represented the carliest example of an experimental method 
in medicine. But in fact. the mujarrabät were nothing to do with the experi- 
mental method but were rather medicines which had been found to work 
by experience.” Many of them had obvious magical associations, particu- 
larly in the later writings of the 14th century and onwards. 


The book on simples classifies them in alphabetical order, using the 
eadier type of Arabie alphabet (which follows the Hebrew order). Under 
each medicinal berb, there is a definition of its properties according to degrees 
from 1 to 4, Thus, a medicine is described as “cooling in the first degree’ and 
drying in the fourth degree. lts special effects and properties, diuretic, 
purgative, binding, ete. arc then listed. For example, 


(€.135 b, 1.6 — 1.8) 
ie SA ol al ge Role RQ GA pl Ge ge BU A 53h dû 
Le 2 ps De DS 3 pis 5 
“Opium is cold in the fourth (degree), dry in the second; efficacious 
in hot, inflamed swellings, especially of the eye; causative of lethargy: anaes- 


thetic; a small amount of it is efficacious in stilling pain and for narcosis; a 
great deal of it kills."* 


This system of degree classification was a refinement of the Galenic 
arrangement whereby drugs were graded according to their qualities and 
their efficacy® The Arabic physicians broadened and expanded Galen’s 
ideas into a neat and well-ordered system. Parts of animals are also included 
here as substances with medicinal properties, as for example with the livers 
of certain animals, which are used as sympathetic medicines in diseases of the 
liver. The gall, tongues, and secretions of animals, such as their saliva, milk, 


37. Sarton, op. ei, 11, 94. 
3%, In this, one must agree with Ullmana who takes issue with Sarton in his special section où 
mujarrabät, (Die Medisin, op. cit. pp. 311-3). 
. 39, For a study of the Galenic system of drug elassifieation, see G. Harig, Bestimmung der Inten- 
ität im medisinischen System Galens (Berlin, 1974). 
40, Al-Majüsï devotes a large section of his book (op. cit. abave) 10 this classification of drugs. 
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al-Mansürt, is almost identical).t6 the extent of repeating Galen’s erroneous 
assertion that there were communications between the right and left ventricles, 
It was this assertion which was countered by Ibn al-Nafis two hundred 
years later, and which earned him the enthusiastie description of ‘the dis. 
coverer of the pulmonary circulation” by certain modem writers# The 
next book is also Galenic in concept, for it contains a teleological account 
of the function of organs on the lines of the large work of Galen, On the Useful 
mess of the Parts of the Body.% There is much useful information in this book 
on the physiology of the time, and a remarkably clear exposition of the role 
of the vital heat and the élaboration of the animal spirit. 


The books that follow may be said 10 be about the environment : on 
airs and winds, on dwellings, and on waters. Books 12 to 18 inclusive are 
où dietetics: the principles governing the choice of food and drink which 
are connected with a study of the temperament, the season, and the pre- 
ponderant humours; the faculties and qualities of simple foods; and the bene- 
fits and properties of wine and other drinks. Book 16 deals with the healthful 
preparation and cooking of food, and explains that foods are classified as 
digestible, indigestible, bigh in superfluities, or low in superfuities, and the 
like. 


The next few books deal with the non-naturals. On the subject of eva- 
cuation, there is a lengthy book devoted to blood-letting : its advantages 
and disadvantages, the indications for blood-letting, and how much blood 
to remove. It ends with a detailed and fascinating account of the technique 
of blood-letting, what instrument to use, what shape incision to make, whether 
along the length or width of the vein, and what to use to keep the vein patent. 
Al-Masïhis contemporary in Spain, Abnl-Qäsim al-Zahräwi, also left a long 
and detailed account of the technique of venesection and its indications.“ 
Book 29 is on the sigus of psychical origin, such as grief and anger, The 
observation is made here that anger leads to a yellow complexion, due to an 
increase in yellow bile. This brings to mind the use in this connection of the 
English word “choleric” and its obvious humoral origin. 


33. For comparison, see Galen*s description of the heart in his On Anatomical Procedures, tranél, 
C. Singer, Welcome Historical Musewm Publications, (Oxford University Press. 1956), VIT,115; 179- 
188. The anatomy of the heart is given in magäla J of tbe K. al-Manjäri, “On the form and appear 
ance of organs”". 

34. See M. Meyerhof, “Ibn al-Nafis (XIHth ceutury) and His Theory of the Lesser Circulation" 
Tsis, 23 (1935), 100-20. 

35. Tranel. by M. T. May, Cornell University Press, 1968. 

46. Albueasis on Surgical Instruments, ed. and transl. by M. S, Spiok and G. L. Lewis, (London, 
Wellrome Institute for the History of Medicine Publicatious, 1973), pp. 624-655 (on veins), and pp. 
174-183 (on arteries). 
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This extract displays the general style ofthe book quite well. It also reveals 
the neat systematisation typical of Arabic writers, This economy of descrip- 
tion of the faculties should be compared with the prolixity and disorganisation 
of Galen’s work on the same theme, On the Natural Faculties.® The other 
books on the temperaments, the actions, and the spirits are just as well-ordered 
and provide a thorough review of the principles of medical theory in readily 
assimilatible form. 


The two books on the like and unlike organs constitute the anatomy 
section of the work. These terms refer to the classification of the parts of 
the body into those whose constituents are homogenous, such as fat, bone, 
vartilage, and 50 on, and those which are made up of different tissues, such 
as arms, legs, hands, and so on. This division was common to Arabic anatomy. 
and derived from an Aristotelian classification of the organs of the body into 
“omeomerous” and ‘anhomeomerous’ types. The unlike organs are classified 
from top to bottom, in the same way as diseases, and in fact represent the 
internal organs. The auatomical descriptions are exact, as for instance this 
extract on the heart: 


{£ 21b, L6 — 1.12) 
Qi aa, af JU Ge Ji by A als da Qui age Ji Gas JR ze ds 
di ge Ov il JUS Gb Je beat als lee gr os sta les Gens se 
QUI ge TL sed ail G luel Dé 459 Gb ae Ne lie à Le us 
a Bee at di ed ces pal ce AT po M Go go e 2 pal ce um 5 


“The heart is cone-shaped, its base being towards the top of the body, 
and its pointed end towards the lower part of the body. The base of the heart 
is in the middle of the chest (equally) on all its sides, (but) its pointed head 
is inclined towards the left side. 


“The heart bas an envelope made of a thick membrane, which surrounds 
it but is distinct from it (i. e. not adherent) except at its base. It has two ca- 
vities, one on the right side and one on the left. There is more blood than 
æpirit in the right cavity, and more spirit than blood in the left. There are 
small apertures from the right to the left (cavity)". 


This description is interesting in more ways than one. It is modelled 
on Galenic anatomy, like other Arabic hodks of the time, (for example, the 
section on the anatomy of the heart in al-Räzis famous kunnäsh, K. 


31. Translated by A. J. Brock, Loeb Classical Library (London, Heinemann). 1928. 

32, Cf. Ariston, De Partibus Animalium, 646b, 11-20, in The Works of Aristile, ed. and transl. 
by W.D. Ross (Oxford University Press, 1910-49). This section includes a discussion on the **homeome- 
none" and the *‘anhomeomerous" parts. 
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black humour go beyond the nature of blood, because they have reached 
the limits of combustion. The presence of all these in the body is normal, 
meaning that blood is the true nutrition that is intended and phlegm is a 
humour which could be digested so that the body could be nourished by it”, 


And still on the subjeet of humours, al-Masïhi explains how it is that 
they cause disease: 


(£. 30b, 1.12 — 1.15) 


el ge ss RES À ail ls Je cal; 15 Lis da de es Qi Let grès 
gaûll 5 CS 0) ÿ 25 SI je CS 6j Jus ot 


FES Pr 

“These are the bumours which are called the fundamental components 
oftthe body. But if they increase over their (normal) amount or their qualities, 
they become contra-uatural due to a pathological cause. It is (then) necessary 
to bring (the body) back to a state of moderation if (the humours) are in excess 
in their qualities, and to evacuate it if they are excessive in amount.” 


In this brief extract, he enunciates the principles of disease causation 
and therapy which were the essence of the humoral theory followed by him- 
self, his contemporaries, and the Greek physicians before him. As to the other 
aspects of the humoral theory, the faculties are explained in a systematic 
manner : 


(£. 36a. 1.14 — 1.22) 
BU, Jet db, Des ON Je Qi as BU Uliel spf pal OA 
A OU pu Qué M ps Lt Bo Gao EA AS 2 SU pur Qi as à 
EMA QU be ai ds Gall SG pif as Gi das Haby dl fl SY 


“The body has four faculties, the first is peychic and it is (the faculty) 
which effects sensation, discrimination, and voluntary motion. The second 
is animal and it is the one which gives life and the innate heat to the whole 
of the body. The third is natural, and it is the one which gives the whole of 
the body nutrition and which expels its superfluities. The fourth is generative. 
and it is the one which prepares for fertilisation and which completes the 
growth of the foetus. In medicine, the gencrative faculty is counted with 
the nutritive faculty, and the two together are called the natural (faculty)”. 
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The first book is a highly theoretical and philosophical introduction 
10 medicine. The second book presents a lengthy account of the theory of 
elements and how they enter into the formation of the human body: 


(£.6b, 1.17—f. Ta, 1.12) 


EAN US A Ut ee tés Ms AU eg EN at el JA plis 

BR 26 ee Ge deb JF «je VE SL eV ge Se dogs ane el pl ce 08 Vs 

SU dlse LH AN ge polis pl ce GS ll pal G 45 ae ge Us QU Yi LS 

Ju Yon 6 As SN ge 08e Gbils Gb 5 WT 03 SUIVI du JS a de dsl s 
à SA SLA ge Se 


“The elements in nature are four: fire, air, water, and earth. They were 
named elements because they are not constructed or formed from any other 
bodies. . . and the (human) body is made up of organs of like parts. Every 
one of these (organs) exists either in the semen first or in the blood after that. 
And the semen is formed from blood, and blood (is formed) from food. and 
food is either animal or plant. The state of an animal’s body is like that of 
man, 20, therefore, all of them come from plants; and plants are formed from 
earth and water. Therefore, the body of man is made up of the primary 
elements". 


He goes on to define the qualities of the four elements as hot. wet, dry, 
etc. His style is clear, didactie, and detailed. The other sections on medical 
theory are likewise lucid. The book on the humours, for example, could not 
have left any student of the art in much doubt as 10 the nature of the humours 
in health and disease: 


(£. 28a. LA — 1.11) 
cr Ul GS Use, pilils 2) ME, fl LS pal agit gs LREYIs 
Las Aa ali OÙ GUN DNS Les Add No ès pal pas ele Lau OÙ que ll 
spl Ets VI El Ses Je AS és Ja ère f Adi 09 pal Je 
A je pa of ge get du US Use ss dei de Ge 4 
+ da à géné pre dl Re 


“The humours are four: blood, the yellow humour, the black humour, 
and phlegm. They are all to be found in the body by reason of food, meaning 
that some of them are food, and that is blood, and some are superfuities 
of food; these are the three remaining humours, for phlegm is a superiluity 
which comes before blood because the food has not been digested and has 
not reached coction yet, so that it stays unripe. The yellow humour and the 
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and external diseases, The external diseases section here is subdivided 
into diseases of the scalp, the skin, and the skin colour. Two other topies, 
which were also very commonly included in medical compendia, although 
not uniformly 50, appear: fractures and dislocations, and venomous bites, 
Several books are devoted to the subject of medicines both, simple and com- 
pound, matter of the highest importance in any medical book. 


Subjects of Books in K, al-Mia 


Tatroduetion 1a medicine 
The elements 

The homeomerous organs 
The auhomeomerous organs 


The temperaments 
The faculties 

The nero 
“The spirits 

The natural states of the body 
Airs and winds 

Dwellings and waters 

Faculties and qualities of fooûs 
Driuks and nes 

Sleep and waking 

Massage 

Movement and rest 

Bath 

Pur 
Ermesis 
Venesection 
Diuresis 
Perspiration 
Gargling 

Ciysters 

The signs of pryel 
Faculties of medirines 

Simples 

Medicines with special properties 
Causes and signs of diseuse 


al origin (urief, anger, etc.) 


Psychieal ailments 
Secretions evacuated from the body 
The types of fevers 

Swellings 


‘The signs of diseases of various parts of the body 


Respiration 
The pulse 

The urine 

‘The faeces 
Premonitory signs 
Periods of disease 
Coction 


al days 
Favourable and unfavourable signe 
The sigos of disease 

The preservation of health 
Principles of treatment of diseases 
The treatment of fevers 

The treatment of swellings 

The treatment of ulcers 

Diseases from head to toc 
Pregnancy and diseases of the uterus 
Diseases special 10 mot 

Diseases of the hair 

Sears of alcers 

Disvrders of skin colour 

Diseases of the skin 

Fractures and dislocations 

Bites of veuomons animals 
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are not properly organised, so that the ons of the art are not known; 
there is either too much detail or too little; theory receives 100 little attention, 
wbile practical methods and therapy receive too much. For these reasons, 
the author has decided to write a book which will remedy all these failings 
in as synoptic a way as possible, 


The result is an encyclopoedia of medicine in which everything is 
systematised as far as possible. It is organised on a basis of the standard 
divisions of medicine, (best expressed in Hunayn b. Ishäg's pithy introdue- 
tion t0 medicine, al-Masd'il f?L-1bb) .?* The descriptions are lucid, well-ordered, 
and there is indeed an attempt to make each book complete in itself, There 
is a strong emphasis on theoretical aspects, and indeed the major part of the 
book is devoted to theoretical principles and discussion. It is only when the 
G0th book is reached on f, 267b, that is, after two-thirds of the book have 
been gone through, that practical methods are included in any detail. 


The index of “bouks" is set out soon after the introduction. Each section 
is named ‘the book of such-and-such.” The subjects dealt with in these books 
have been listed on the following page. They do not correspond to the actual 
titles in K. al-Mia, where the same subject sometimes bas several books 
devoted to it, but are meant here to convey a general idea to the reader of the 
contents of the kunnäsh, In this way, it may be seen that all the standard 
topics in medicine which were current at the time are covered: all essential 
aspects of the humoral theory, the naturals: which are the organs, the elem- 
ents, the temperaments. the faculties, the actions, and the spirits; the non- 
naturals,® wbich are six and which may be picked out among the list of 
subjects early on in the kunnäsh as air, food and drink, sleep and waking, 
movement and rest, evacuations (detailed into purgation, emesis, venesect- 
jou, and the like), and the passions of the soul (the signs of psychical origin); 
and the contra-naturals, meaning the cause and process of disease, There is 
a section on ‘pathology’, that is. coction, crisis, the pulse, and the urine; a 
section on prognosis; and a section on the preservation of health. All these 
were standard subjects of importance which were included as a matter of 
routine in most kunnaäshät. Likewise, there is the inevitable classification 
of diseases from head to toe,” and the other two classical subjects: fevers 


28. This work, alternatively known ns the Jsagaoge, was celebrated throughout the Middle Ages. 
ts setout in a question-and-answer form and summarises the medical theory of the time using a 
rigid classification of subject matter which becôme standard for all medical books thereafter. (This 
important work is still unedited and exists only in mannscript form.) 

29, There are several studies où the nou-uaturale. For example, P. I. 1, The non-naturals”", 
Bull Hiss. Med, 45 (1971), 486-92; and L. J. Rather; The six thinge non-natural, a note on the origine 
sud fate of a doctrine and a phrase", Clio Medira, 3 (1968), 337-47. 
sifcation that was universally employed in Arabic medical textbooks and in 
hoëks of late antiquity. 
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well written, and provided a wide selection of treatments.# It was recommen- 
ded for use by students in the medical teaching syllabus of the Chahär Magäla, 
as was noted above. Modern commentators have also been impressed with 
this book: both Leclerc and Sarton believed it to have been a model for Ibn 
Sinä’s Canon. The book survives in at least 29 manuscript copies. The 
earliest of these is said to be to be dated 400/1010, which, if true, means that 
it must have been made either during the authors lifetime or shortly after 
his death There are six other early manuscripts, that is, dating from before 
1300 A.D.# In the centuries that follow, there are manuscripts dating from 
each century, and a high concentration of very late manuscripts: five are 
said to be dated between 1233/1818 and 1300/1883.% Thus, manuscripts 
survive from every century beginning virtually from the date of death of 
the author until the end of the last century. This, and the large number of 
surviving manuseripts is impressive evidence of the popularity and impor- 
tance of the book. 


In the account that follows, only the briefest summary of the book's 
contents has been given, for it is such a large and comprehensive work that 
it could (and should) form the subject of a much langer study. 


Contents of K. al-Mi'a 


K. al-Mia is a large work: the British Library manuscript, on which 
this study is based, contains 376 folios of small script.® It is divided into 
a hundred chapters or “books”, (hence the title), and, as the author says 
in his introduction, each is meant t0 be a complete work of its own. not depend- 
ent on the others for its understanding . The introduction is long and contains 
an analysis of the problems which beset the writing of medical books:” they 


21, This information is supplied by IAU, 1, 328, Amin al-Dawla b. al-Tilmidh was a distinguished 
physician of the 12tb century, (4.165), who was chief physicion at the "Agudi hospital in Baghdad, 
{For his biography, see TAU, I, 259.76). 

“22, Leclere, op. cit. 

23. This MS., Istanbul, Nuruosmaniye 3557, is described by Dietrich, (A. Dietrich, Medicinalia 
Arabica, Gôttingen. Vandenhoeck and Ruprecht, 1966, p. 10). The dating is only presamptive. 

24. The manuscript citations for these are to be found in GAL. J, 238; SI, 423; and Sezgin, op. 
cit, IUT, 326.7. 

25. The most recent is MS, Tehran, Danisbkada-i Pisishki, 247/1. 

26. This is MS. Or. 6489. It is dated (on f. 194) as 1105 À. H. (1694 À. D.) and is written in clear, 
good naskh. It is well preserved but part of the introduétion is obliterated and some of the folios of 
chapter 99 on fractures and dislocations are missing. (See also S. Hamarneh, Catalngue of the Arabie 
Manuseripis on Medicine and Pharmacy at 1he British Library, Cairo, Les Editions Universitaires 
1975, pp. 88-90). 

This was a common format for introduetions 10 compendia of medicine. There was always 
some fralt with the others which the anthor had decided to rectify in his book. À lengthy sritique 
ef other kunnäshät, both Greck and Arabie, is 10 be found in the introduction ta al-Majüst' Kämil, 
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b. Muhammad (992-1009), (the father of Abÿ'l-<Abbäs Ma’mün b. Ma’mün 
mentioned above). Al-Bayhaqï® also links al-Masïbi with this ruler, for 
he says that the patron of al-Masïhi was the king of Khwärizm, Ma‘mün 
b. Muhammad, to whom he dedicated another of his works, K. Ta‘bir al- 
nya (the interpretation of dreams”). 


As to his dates, there is the usual difficulty with determining these 
exactly. Wüstenfeld,# who describes him as the teacher of Ibn Sinä, gives 
his date of death as being around 390/1000, though on what evidence is not 
clear. Sarton! gives a similar date, saying that al-Masïhi died aged 40 in 
999-1000. Leclerc," likewise, puts his date of death at 1000, (It should be 
pointed out that all these authorities, presumably following Ibn Abï Usaybi‘a, 
state that al-Masïhi was Ibu Sinä's teacher). Brockelmann,! however, gives 
the later date of 401/1010, as does Ullmann,* Sezgin! cites a manuscript 
of one of al-MasïhT’s works which is dedicated 10 Abü'l-Abbäs Ma’mün 
(1009-1017). If th: indeed the case, and the book was not in fact dedicated 
to his father (as noted above on the authority of al-Bayhagi), then the later 
date will have to be accepted. It is certain at least that al-Masihi was alive 
ia 1002, for it is known that Ibn Sinä dedicated a missive to him from Jurjän 
in that year.” From this information, all that can be said is that al-M: 
was alive in 1002 and died some time after 1009. 


Kütäb al-Méa fPE Tibb 


Seven works of al-Masïhi's survive: the best known is K. al-Mia. It 
was considered by the famous physician Ibn al-Tilmidh, who wrote a gloss 
on it,to have been of the greatest value because it was exact, not repetitions, 


13. Zahir al.Din al-Bayhaqï, To°rkh hukamä® al-Hilôm. ed. M. Kurd “Ali, (Damascus, Maçbatat 
aTaradi 1946), pp. 88-9. 

M4. F. Wüstenfeld, Geschichte der arabischen Aerste und Natutforscher, (Güttingen, 1840), p. 59, 
Mo. 118. 

15. G. Sarton, Introduction 0 the History of Science (Baltimore, Williams and Wilkins, 1927.44), 
1, 67. 

16. L. Leclerc, Histoire de la Medecine Arabe, (Paris 1876), 1, 356-1. 

17. C. Brockelimann, Geschichte der arabischen Literatur, (benceforth: GAL) and Supplement ( hence- 
furth: S), (Leiden, Brill, 1937-42), 1, 238: SI, 423. 

18. Ullrmann, op, eit., p: 151. 

19. F. Sesgin, Geschichie der arabischen Schriftums (Leiden, Brill, 1967), TT, 827, No. 6. Risäla 
Si tatig sù° al-misäj m& ha wa kom asnéfuhu, MS. Shebid Ali, 2095/5. 

20. AU, IE, 19, 1.10-11, lists this among Ibn Sinä’s works: A missive to Abü Sab] al-Masïht on 
1e angle, which he wrote in Jurjan". IL may be calculated from Tbn Sins'e autobiography, (The Life 
2f Ton Sina, ed. and trans. by W. E. Goblman, (State University of New Yurk Press, 1974), that he 
vas in Jurjän in 1002. 
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He describes him as a “practitioner” (al-muta{abbib) and a logician (al- 
mantigi), presumably implying by the latter description that he was interest. 
ed in or had written works on logic. He wrote a famous kunnäsh called al. 
Mat magdla (more usually known as Kitäb al-mia fl-tibb). He died “in 
middle age” at the age of 40. Tbn Abï Usaybia is able to give more informa- 
tion about him* he praises his skill as a physician and his great learning and 
stresses bis fluency and excellence in the Arabic language, which he wrote 
with a beautiful hand. Ibn Abï Usaybi‘a says that be examined a copy of 
al-Masihr's book, Fi Lzhôr hikmat Alläh ta*äla fi khalg al-insän (“On the Revela- 
tion of God's Wisdom in Creating Man”), written in his own bandwriting, and 
was impressed by its excellence of grammar and linguistic precision. He goes 
on to report what Shaykh Mubadhdhab al-Din “Abd al-Rabim b. “Ali said 
of al-Masïhi: he had never known any Christian physician, either ancient 
or modern, who could express himself as well as al-Masïhi. (AL this im 
that al-MasïhT's first language was not Arabie, and since he was a Chr 
his mother tongue might well have been Syriac; it also implies that Chri 
in general did not know Arabic well). Then, Ibn Abi Usayhi‘a says that al- 
Masïbt is said to have been the teacher of Ibn Sinä in medicine, and that 
the latter became proficient in this and in philosophy at his hands, such that 
he dedicated several books to him. 


It is not by any means certain that al-Masÿhi was indeed Ibn Sinä’s 
teacher. Ibn Sinä himself asserts in his autobiography that he had no teachers 
in medicine,” not that that necessarily rules it out completely. But al-Qifti 
makes no mention of this claim either." The two men are, however, connected 
in the Persian ]2th-ceutury work, the Chahär Magôla, where the story is re- 
counted that when both of them took fight from the court of the ruler of Khwar- 
izm Abü'l-“Abbäs Ma’mün (1009-1017), they were overtaken by a sandstorm 
in which al-Masihi died." The Chahär Magäla extols the virtues of al-Masïhi 
and calls him the successor in philosophy to Aristotle. His book, Kitäb al- 
Mia, is recommended as part of the syllabus for medical students.1 


Ibn Abï Usaybi‘a provides à list of al-Masïhr's books. He begins with 
K, al-Mia fl-libb, considered to be the best and most famous of his books. 
There are three other titles of books on medicine, three on philosophy, and 
one book, FiLWPabæ wbich he dedicated to the ruler of Khwarizm, Ma'mün 


rikh al-hukamä, ed. J: Lippert, (Leipzig, 1903), pp. 408-9. 
8. 


10. Ibid, p. 408. 

11. NizamTi “Ari. Chahär Mails, ed. and trausl. by E. G. Browne. (Cambridge University 
(Press, 1921), pp. 88-9. 

12, Ibid, pe 79. 
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included sections on medical theory, that is: the nature of humours, tem- 
peraments, crisis, coction, and so on. Diseases were described in a stereotyped 
way: cause, symptoms and signs, and therapy. The therapy section was usual- 
ly the biggest part and often included a number of prescriptions. They also 
included a section on external or skin diseases, and a section on fevers. Many 
of them, but not all, also added a usually brief chapter on fractures and 
dislocation. Many of them also had a section on simple and compound drugs, 
and on poisons of animal origin or otherwise, and many books included a 
section on the preservation of health, 


Kunnäshät were used for practical purposes as manuals for medical 
practitioners and also for the teaching of practitioners and medical students. 
The relative emphasis on these two functions varied from one kunnäsh to 
another. For example, some kunnäshät were no more than pure manuals of 
medicine, written in a simple, condensed style with a grent deal of detail 
on therapeuties and very little on medical theory: this type was obviously 
of use to the practitioner. At the other end of the spectrum, was the type 
of kunnäsh which laid specific emphasis on medical theory, perhaps at the 
expense of detail on practical procedures, and which favoured a more compli- 
cated, intellectual approach; such kunnäshät were useful for teaching pur- 
poses and could also be read by the intelligent and educated layman, Ab 
Sabl al-Masihïs kunnäsh entitled Kitäb al-mi'a fl-tibb (“The Book of the 
Hundred on Medicine”) is an example of the latter sort. 


The study which follows is based entirely on manuscript material, for 
this worthy and elegant book has never been edited in whole or in part. The 
lth-century writer, Nu‘män b. “AI al-Rida al-lsra‘ili, composed à synopsis 
of it which was edited by Sharafï in 1959. Despite its prestige and popu- 
larity (see below), it was never translated either into Latin or into a modern 
language. Neither, for that matter, were any other of al-Masïhi's books. 


Abñ Sahl al-Masihfs Biography 


Ab Sabl “sä b. Yahya al-Masïhi al-Jurjäni was, as is revealed by his 
name, a Christian and a man of Jurjän in Persia. AI-Qifti says that he was 
learned in the sciences of the ancients, and famous among his countrymen. 


stated that both 
s introduvtion 


A. This is made clear ia the introduetions of many of these books, wberein it 
Wactitioner and student will benefit from the book: a typical example js Ibn 
to his book, Zéd al-muséfr wa qi ol-hôdir. 

5. Such a book is Ibn Butlän's Kunndsh al-ruhbdn ira'l-adyira, which is a simple manual of diseases 
and their treatments. 

6. Quiri Sharafi, Al-Hauéshi al-nu-mäniyya rea'tmagéyid al-ibbiyya, (Hyderabad, 1959). (I have 
not seen this work). There is a manuseript of the synopsis at the Bibliothèque Nationale, no. 2863. 
See M. G. de Slane, Bibliothèque Nationale, Catalogue des Manuserits Arabes (Paris, 1883-95), p. 518, 


A Mediaeval Compendium of Arabic Medicine: 
Abu Sahl al-Masthrs “Book of the Hundred”” 


Gnapa Karw*® 


Introduction 


The kunnäsh! (or compendium) type of book was very popular among 
Arabie physicians of the mediaeval period and became the commonest form 
of medical book to be written. It was supposed to be a comprehensive system 
of medicine in condensed form. s0 as to acquaint the reader with all the es- 
sentials of medicine without overloading him with too much detail. Many 
kunnäshät declared this to be their explicit aim in their introductory remarks.® 
As time went on, the kunnäsh became the preferred type of medical work, 
to the despair of such educational purists as Ibn Ridwän who strongly depre- 
cated the substitution of these dérivative works for the original works of the 
ancients.* 


These books were not identical either in arrangement or in content, 
but they resembled each other in certain important respects: they all included 
at some point a section on diseases arranged from head to toe; many also 


* Grateful acknowledgement is due 10 the Wellcome Trust for the History of Medicine which 
supported the research for this paper. 

** Institute for the History of Arabie Science, Aleppo University, Aleppo, Syri 

1. The word kunndsh is interesting. It does not appear to be of Arabic derivation, but comes from 
the Syrine kunnäsha ( M. Ullmanu, Wérierbuch der Kassischen arobischen Sprache, Vol. 1 (Wiesboden, 
1970), p. 387, 20 À, 

2. For example, “Ali b. al-Abbäs al-Majüeï (8. 949.982) writes in the introduction to his kunnash, 
Käil al-inë*a al-jibbiyya (Cairo, Bulaq, 1294/1877), Vol. I, p. 7, 1.28, that he hs composed his 
book: 

“That it might be easy (for phyaicians) to find oue book which contains all that is necessary (in 

medicine). 1 will not leave out anything that might be needed by students and learned seholars." 

3, Ibn Ridwän was an 1th-century physician of Cairo (d.1061) who t00k a great interest in the 
medical education of his day. For his biography, see Tbn Abï Ugaybi‘a, Uyün al-anba' fi fabagôt al- 
alibha",(henceforth: IAU) ed. A. Müller, (Knigsberg, 1884). He wrote a tract on this subject, al-Nôf° 
Si koyfyyat tu“lim sind altibb (**the useful book on the quality of medical education") The relevant 
extract is quoted by A. Z. lskandar ia bis, “An attempted reconstruction of the late Alexandrian 
medical eurrieulum”, Med. His. 20 (1976), 241. 

One wonders whether the kunnäsh type of book was not alrays preferred, almost from the beginning 
of the translation movement from Greek and Syriac into Arabic. Kunndshäï in Syriae were certainly 
available before 700 A. D. and came 10 be written in Arabic from 800 A. D. onwards, 
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et se l'approprie. Déchaînement d'al-Sijzi qui l'attaque alors avec la dernière 
véhémence, sans toutefois le nommer. Entre temps al-Qüht et al-Saghänt 
étaient entrés eu lice et donnaient leurs solutions en 360 H., semble-t-il, celle 
d'al-Qühi étant la plus élégante de toutes et antérieure de peu à celle d'al- 
Saghäni. 


La construction de l'heptagone régulier restera une des grandes ques- 
tions classiques: al-Qühi en fera l’objet de son deuxième mémoire, Ibn al- 
Layth en donnera une 2€ solution (dans sa 3° lettre). Celui-ci est devenu 
depuis un géomètre réputé dont al-Birüni et Omar al-Khayyäm feront l'élo- 
ge“ Ibn al-Haytham donne une solution entre 417 H. et 429 H° Al-Birüni 
évoque l'heptagone dans Qänün al-Mas‘üdi, al-Samaw’al b, Yahyä dans 
Kashf “uwar al-munajjimin.® L'heptagone donna l'élan vers d’autres tenta- 
tives: construction de l’ennéagone régulier, construction du polygone régu- 
lier de 11 côtés (qu'Ibn al-Layth crut avoir trouvée), du polygone régulier 
de 13 côtés, division de l'angle en 5 parties égales. Il reste un des multiples 
témoins de la faveur que la géométrie a connue dans la 2e moitié du de siècle, 
époque où l'on peut voir la première gestation de l'algèbre géométrique d'Omär 
al-Kbayyäm. 


9. AHBirünt, A-Qénän al-Masüdi, (Hyderabad. 1954), vol. 1, p. 297. ALKhayyäm, Al-jabr 
x'al-mugébala Ms. Columbia Univ. Or. Smith 45, 10, pp. 28, 37. 

10, Jbn AbT Usaybi*a, “Uyän at-anbd', ( Caire, 1882), vol. 2. p. 98. 

1. AbBirüoï, ibid p. 297. AlSamaw'al b. Yabyä, Kashf “uwêr al-munajjimin, Ms. Leiden Or. 
98, £ 2. 

12, ALQänin al-Mas*üdi, vol. 1, p. 287; voir aussi al-Rasd'il al-muofarriga f-hay'a (Hyderabad, 
1948) , 10, p. 22. 

13. AlSamaw'al b. Yahyä, op. cit. £ 21 
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4 Construction du triangle ABD tel que B = 2 À et À — 2 D et par suite 
division du cercle en sept parties égales. 


Méthode d'al-Qähi (ler mémoire) 


La division d'un segement AB arbitraire en € et D de sorte que 
CB:CD = AC, AD.AC — DB? a donc été opérée. Al-Qühi a démontré aussi 
que chacun des segments BD, DC, AC est inférieure à la somme des deux 
autres. Il peut done construire le triangle CDE où DE — DB et CE — AC. 


Je dis que ÉCD-—2 EDC-4 CED. (Par suite si on circonscrit un cercle 
au triangle CDE on aura la division 
du cercle en sept parties égales). Pro- 
longeons EC en CF tel que CF = CD. 
On a BC-CD — AC —CE* d'où 
BCICE — CE/CD. Les triangles BCE 
et DCE sont semblables, D'où B— DEC 
ot CEB — DC. Mais ÉDC extérieur 
au_ triangle BDE égale 2 8; done 
ÉDC — 2 CED. De même ECD — 
2 CDF = 2 CFD. Comme CE = AC 
et FC — AD alors AD.AC = FE-EC — DE° — DE. 


D'où De = pee « Les triangles EFD et CED sont semblables d'oû 


ÉDC=ÉFI Er. 


S 
Par suite ÉCD = 2 EDC. 
IV 


L'historique de la découverte peut être présenté ainsi: 


En 358 H., ou peu avant, Ibn al-Layth encore inconnu et qui brûle de 
percer, donne le premier coup de pioche dans la construction de l'heptagone. 
Il énonce quatre lemmes, ramène la question à la division d'un segment sui- 
vant une certaine relation, et réussit cette division, pense-t-il, par l'intersec- 
tion de cercles et de droites. Or il est en correspondance avec le jeune mathéma- 
ticien al-Sijzï. Celui-ci découvre la faute, s'efforce en vain de la corriger et 
finit par recourir à Abü Sa°d al-“Alà’ ibn Sabl. Ce géomètre y parvient par 
les sections coniques. Mis au courant, Ibn al-Layth malheureux, de voir l'occa- 
sion lui échapper, apporte à la solution quelques modifications insignifiantes 
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3. Partage du segment AB par les sections coniques, al-Qühi (\er mémoire) 


Prenons deux droites perpendiculaires en D et DA — DS (longueur 
arbitraire). Traçons la parabole d’axe SD, de sommet S ét passant par A. 
Traçons l’hyperbole équilatère de sommets D et À et d'axe AD. Elle coupe 
le parabole eu M dont la projection est E sur AD. et L sur SD. Prenons AB — 
DL sur le prolongement de DA. 


Dans la parabole ML — SD.SL ou ED* — DA-DE 
Dans l'hyperbole ME* — DE‘AE ou AB* = DEA 


Ainsi un segment BE a été divisé dans les conditions voulues. 


ol 


Fig. 4 Fig. 5 


Méthode d'al-Sijzi et d'Tbn al-Layth 


Sur le prolongement du côté EB du carré OEBF on prend BA—EB. 
On trace la parabole d'axe AB, de sommet À passant par F. (Donc dans 
l'équation de la parabole y* — 2 px, 2p — AB). On trace anssi l'hyperbole 
d'asymptotes OE, OF passant par B. Elle coupe la parabole en M qui se 
projette en C sur AB. Posons BE — BF — BA — a, M appartenant à 
l'hyperbole (a + BC) (a— MC) — a* d'où aBC = (a+ BC) MC. 


Comme M appartient à la parabole MC — Ÿ ACAB. Par suite AB est 
divisé en C suivant la condition voulue. 
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pus 
Contenu mathématique des mémoires 

Pour constraire l’heptagone régulier il s'agit de diviser un cercle en T 
parties égales. $ 
1. (1) Archimède suivi par al-Qübi (premier [a 
mémoire) et al-Saghäni se_propose de cons- 
truire le triangle ABD où 24 et = 2 8 
2D 

(2) AL-Qühi (2° mémoire ) veut construire 
le triangle ABG où À = 58 50 E A 

(3) Tbn al-Layih et al-Sijsi construisent 
ADE où DE =3 1 
2. Dans une 2e étape, les égalités entre F 6 


les angles vont céder la place à des égalités | 
entre les côtés. Fig. 2 


Archimède et al-Qühi (1 et 2° mémoires) et al-Saghäni aboutissent à 
division d’un segment en trois parties (voir début de l'article). Donnons la 
méthode d'al-Qubt (2° mémoire) . 


Dans le triangle ABC, À = 5B = 5€, 
nous prolongeons BA en ADE de sorte que AD E 


se 
ACD = ACB «& DC = DE. Les triangles 
semblables ÆDC et ECA, ADC et DEC 
donnent: 


ED-EA = EC — AC — AB 
DA-DB = CD° = DE* me 
Lbn al-Layth (dans mémoire perdu ) et al-Sijzi remplaçent la relation 
angulaire (3) par la divison de AB en deux segments AC et BC tels que 
Y ABAC AB 
BC AB + BC 
Ibn al-Layth indique dans sa 2° lettre une autre division de AB en C 
et D. 


telle que ABDB = AC 
cscp =4& PB D € A 


Fig. 3 


L'HEPTAGONE REGULIER 265 


la course fiévreuse vers le but, les chutes, les arrêts forcés, voire les irrégu- 
larités ne vont pas manquer: toutes circonstances qui donneront lieu à une 
querelle de priorité sur laquelle se greffe pour l'exacerber la vieille “Querelle 
des Anciens et des Modernes”. Dans le brouhaha des revendications contra- 
dictoires et des anathèmes qui vont s'élever, nous avons pour interprète et 
guide précieux sinon impartial, un géomètre attardé al-Shanni® qui s'est 
intéressé à la querelle et en connaît bien les dessous. 


il 


Les mémoires à verser au dossier du procès sont: 


16) Une première lettre d'Abül-Jüd ibn al-Layth, adressée en 358 H. 
à Abül-Husayn ‘Ubayd Alläh b. Ahmad, dont copie adressée à Abû M. 
“Abdalläh b, “Ali al-Häsib. Cette lettre est perdue mais sou contenu nous 
est révélé par les lettres 2 et 3 d'Ibn al-Layth, 4 d'al-Sijaï, 8 d'al-Shanni. 


2) Lettre adressé par Ibn al-Layth à Abü M. Abdalläh b, “AK al- 
Häsib. L'auteur y analyse les solutions d'al-Qüht et d'al-Saghäni et la sienne 
propre, (Ms Paris 4821, 1.370469.) 


3) Lettre d’Ibn al-Layth à Abü'l-Hasan Ahmad b. Iehäq, plusieurs 
années après la clôture de la querelle (Ms Caire 7805, £. 17h - 120.) 

4°) Mémoire d'al-Sijzi sur la construction de l'heptagone régulier et 
la trisection de l'angle; (Ms Paris 4821, f.10b-16b; le même que Caire 7805 
f.113-117.) 


5°) Mémoire d'al-Qühi dédié à ‘Adud al-Dawla, (Ms Paris 4821, 
17h - 23b ; Caire 7804 f. 222b - 2252, La dédicace au roi dans le ms. Caire 
est très embellie). 

6v) 2e mémoire d'al-Qüht dédié à Abñ'l-Fawäris b, ‘Aqud al-Dawla 
postérieur au précédent et tout à fait différent. (Ms Paris 4821, £. 1»- 82). 

7°) Mémoire d’al-Saghänt dédié à Adud al-Dawla. Il y est fait mention 
d'un mémoire antérieur présenté au roi à Rayy et dont le mémoire actuel 
est un remaniement, La date de résolution d'une proposition du mémoire 
est fixée au 12.X.360 H. (Ms Paris 4821, 23b - 28b.) 

8°) Mémoire d’al-Shanni, Kitäb kashf tamwih Abñl-Jüd (Ms Caire 
780, £. 129b.134b). Al-Shanni relate les circonstances de la découverte de la 
solution, les erreurs d’Abu'l-Jüd et analyse les solutions. 


De ces mémoires, C. Schoy a étudié en 1926, la construction de l'hep- 
tagone par al-Sijzï (Isis, 8 (1926), 21-35), et Y. Samplonins, en 1963, celle 
d'al-Qühi (Janus 50 (1963), 227-249, d'après F. Sergin, GAS, V, p. 318, 3°). 


8 Ibid, p. 352. 


This is a French version of a paper which appeared in Arabic in 
JHAS, 1 (1977). 352-384. lis present form makes the results available to à 
vider cérele of readers. 


Construction de l’heptagone régulier par les Arabes 
au 4 siècle de l’hégire 


ADEL ANsoura* 


I 

Au 36 siècle H., Thäbit b. Qurra traduit un mémoire d'Archimède sur 
l’heptagone régulier dont le texte grec est actuellement perdu.! La solution 
d’Archimède revient à diviser un segment AB en deux points C et D de sorte 
que (AC + CD) : CD = DB ——— ——— —— 

(CD+DB)-DB=—4@ PB € 4 
ce qu’Archimède résout par le procédé de “la règle mobile” et non par la 
géométrie fixe? On sait que la construction de l’heptagone régulier mène 
à une équation du 3€ degré et par conséquent, ne peut résolue par intersec- 
tion de cereles et de droîtes. 

La question en reste là jusque vers le milieu du 4® siècle H. A cette 
époque un intense bouillonnement agite la vie scientifique arabe, exalté par 
la dynastie Bouyide. Quatre géomètres de valeur vont s'attaquer à la cons- 
truétion de l'heptagone. Ce sont: 

1. Abÿl-Jüd M. b. al-Layth® 

2. Abü Sa°ïd Ahmad b. M. “Abd al-Jalil al-Sijzi* 

3. Abü Sahl Wayjan b. Rustam al-Qüi 

4. Ab5 Hämid Ahmad b. M. b. al-Husayn al-Saghänit 


En coulisse se tient un géomètre éminent dont l'intervention auprès 
d'Ibn al-Layth et d'al-Sijeï sera décisive: Abn Sad al.“AI4 b. Sahl' Dans 


* Institut Moderne du Liban, Fanar - Jdaidet, Beyrouth, Liban. 

1. T. Le Heath, À Manual of Greek Mathemarir, (Oxford 1981) pp. 243-286. 

2 Jia pp MÈMe 

F. Sexgin, Geschichte des arabischen Schrifiums, Bd. V (Leïdeu, E. V. Brill, 1974), pp. 353-355 

{aa Von cc Lens fetes ele) 

4. Ibid. pp. 129-334. 

5. Ibid. pp. 314-321, 403. 

6. Hbid. p. 311. 

7. Ibid. pp 341.842. 
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The intersection of any cireular cone or cylinder with a plane 
parallel to the base is also a circle. And the line drawn from the vertex 10 the 
center of the base passes through the center of the intersection. 


The proposition is followed by an example with proof, but no drawing. 
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with an article in the last two marginal notes (fol. 102v). Aflätün is never 
written with an article, Van Ess adds that in general an article with the name 
of an ancient author is somewhat curious. As the addition “translated from 
the Greek language” has beeu omitted in the Istanbul manuscript, its redac- 
tor may not have recognized Aqäfun as an ancient Greek author. As the name 
Aqätuu oceurs, according to Lippert in this same form in all codices of the 
Ta’rikh al-jukama (p.195), 1 assume ite writing to be correct, This would 
point to a Greek name like “Exarov. A more probable Greek uame would 
be “Aya0uv. However, this means three exceptions in one word from the 
normal rules of transliteration. M. Ullmann has shown that the Greek word 
Axa vépuros (werewalf) became guirub in Arabic by means of a Syria 
intermediery, in which 0 was already rendered by £. In our case he also 
suggested an intermediary, namely Pablavi (— the lranian language of 
Sassanid Persia). D. N. MacKenrie and W. Sundermann agreed with this 
eventual possibility, and gave more details: 


Although one expects g in Pablavi for y, k sometimes oceurs (hykmun 
for nycuôv). Then Ayxdwv could have been rendered by *’#tun, which 
would have to be written in Arabic as *’g'hun. Because of the ambiguity 
of some Pahlavi letters, the endingwn could have been misread as -n°. In 
this way one could arrive at ‘g'/n, Aqätun. Already C. À. Nallino pointed 
out that scientific works were trauslated from Greek into Pablavi into Arabic. 
He notes in this context that the extreme ambiguity of Pahlavi writing makes 
it impossible to read foreign names with certainty. A. Schall comments that 
the rules in everyday life are not so strict: the correlation += G(q) still 
exists in dialects, especially in names, e.g. (Jordan:) ,",5 (priest) is render- 
ed by Goussous, and (Sudan:) jiülae by Abdel Gadir, ?Ayabwy was 
a rather common Greek name, but no mention of a mathematician of this 
name has been trausmitted to ns. 


Appendix 


Among the pages of the treatise one, fol, 95, does not belong to the 
text, which after fol, 94 continues on fol. 96r. This page may belong to anoth- 
er treatise of the manuscrit, as it contains ôn one side, fol. 95v, a referential 
proposition which has no apparent connection with the contents of the Kitäb 
al-mafrüdat. {+ is written in the same hand as our treatise. Fol. 95r consists 
of two three-dimensional drawings not belonging to the proposition on fol. 
95v. Seemingly they are not of an astronomical nature. 


The proposition en fol. 95v reade: Proposition by Muhammad ibn Müsä 
from the book “On the Sphere”, which refers to it: 
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His name is given as Muhammad ibn Sartäq from Marägha. It is remarked 
that he has studied this book by Aqätun. has verified and corrected it. 
The redactor is not otherwise known to us. 


To the title of the Bankipore manuscript is added “Thäbit ibn Qurra 
translated the treatise from the Greek language into the Arabie language”, 
This leads to the question of what the original Greck title may have been, and 
the Greek spelling of Aqätun [On author and title see thesis, Chapter 
11]. The suppositions were exclnded from the thesis, as no définitive answer 
can be given. The hypotheses are laid down in the following. 


a. The Title 


In the Arabie sources we find the titles Kügb al-ma’khüdhat, Kitab 
akmujayar, Kitäb al-mafridat. The first of these is connected with 
Abe verb akhadha ( 121) basic meaning “to take”. This corresponds 
with the Greek verb aaBeuv. Also the original meaning of ma’khüdhât, 
ie. takings, receipts, returns (commerce) and of 2muuera are equivalent, 
Thus Kütäb al-ma’khüdhät, refers to the Greek title “Lemmata”, €. g. 
Archimedes. 


The second title, b al-mufjayät is related to the verb affaya 
(uw IV) which means “to present, offer”. The corresponding Greek verb 
is Ado var. Thus Kitab al-mufçayät is the translation of the Greek title 
dcadueva, e. g. Euclid's Data. 


As forthe title Kitäb al-mafrüdät: in the case of Thäbit ibn Qurra this 
ütle is sometimes translated as “Data”. As 1 pointed out above, Data has 
usually a different Arabie equivalent. Therefore L tried 10 find another possible 
Greek title. Mofradät is a form of the verb farada( 5) meaning some- 
thing like “10 decide, impose, assume, suppose, postulate”. This could be rend- 
ered by the Greek verb vror 1fzo0a 1 (inf. med.), and thus mafrüdät could 
be a translation of ur0eseue, To this E. M. Bruins objects that nowadays 
the Arabic word for assumption, supposition, hypothesis is ifhiräd. He 
therefore suggests starting from a more special meaning of farada, namely 
“to take for granted”. This could then correspond with the Greek verb 
ouylüieu and we could assume mafrüdät to be a translation of owyxopna tue. 


This small exposition may have made clear how difficult it is, if not 
impossible, to establish the original Greek title. 


b. The Author 


The authors Greek name, which was arabized into Aqätun can 
only be guessed at. Some want 10 explain Aqâtun as a misreading of Aflätün 
(= Plato). According to J. van Ess this cannot be correct as Aqätun is written 
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Prop. 40: (= Prop. 43):1f in the right-angled triangle ABG with angle 
ABG right, angle BAG is bisected by line AD, line AE drawn at random, 
from point E line EZ constructed parallel to line AD, ZB joined cutting AD 
in T, and ET joined, then AZ : ZT — AE : ET. 


Prop. 41 (1) Let in the right-angled triangle ABG, with angle BAG right, 
from point A to line BG the lines AD and AE be drawn such that angle DAG 
is equal to angle GAE, then BE : EG — BD : DG. 


(2): Conversely: If BE: EG = BD: DG [and angle BAG be right ], then 
+ DAG = + GAE. 


(3): (margin) Let + EAG = 4 GAD, and BD: DG = BE:EG, then 
4 GAB = 90°, 


Prop. 42 Let in triangle ABG angle B be bisected by line BD and 
angle G by line GD, then angle A is bisected by line AD. 


Prop. 43 is identical with Prop. 40 but has been proved in a different 
way. Here Propositions 41 and 42 are used, whereas for the proof of Prop. 40 
Propositions 38 and 39 are applied. 


From these contents the impression is gained that Aqgätun made an 
effort to understand plane geometry. Maybe this was done in a school where 
this treatise served as a texthook or exercise book. In this case, however, 
one would suppose more copies of the treatise to be extant. Ît seems therefore 
more probable to me that this was a one-man effort. Aqätun worked out new 
propositions and also, like Pappus, gave some proofs that had been left out 
in the existing mathematical literature, but no references are added, There 
may have been a mutual influence between Pappus and Aqätun. Other mathe- 
maticians exercising an influence on our author appear to be Archimedes, 
Euclid, and Apollonius. Also a connection with Menelaus exists: propositions 
33 and 34 contain two special cases of Menelaus’ theorem in the plane, Some 
of the propositions in the Kitab al-mafrüdät may be later Arabic insertions 
[Thesis, Chapter 1]. 


As the treatise is only moderately original, which may be the reason 
why not many copies seem to have existed, its impact on later mathematics 
was small. The only connection found is in Ibn al-Haytham. An interesting 
feature of our copy are the marginal notes. In these notes improvements 
on the text are made, i. e. some missing words are inserted and some different 
proofs added, This is done conscientiously and with great care. E.g. in the 
case of Prop. 6 the addition ends “I had written down this remark before 
looking at the construction of the proof. So I apologize.” The marginal notes 
at the beginning and the end of the treatise inform us about the redactor. 
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Prop. 31: If the tangents ED and EA to circle ABTD be drawn, and if 
an arbitrary line EZ be drawn cutting the circle at Z and B: if AD be joined, 
ifto EZ the perpendicular ZT be drawn cutting AD in Ÿ and the circle in T. 
and if EY and ZD be joined, then + DEY — 2 < DZT. 


Prop. 32: If to the semicirele with diameter AG the tangents EA and 
EB be drawn, EB and AG be extended until the intersection point D, if BZ 
be drawn parallel to AD, DZ and AB be joined intersecting in H, and HT be 
drawn perpendicular to AG, then T is the center of the circle. 


Prop. 33: If line AG of triangle ABG be bisected at D, line BA be ex- 
tended to E, and ED be joined and extended to Z on line BG, then BE: EA 
— BZ : ZG. 


Conversely, if BE : EA — BZ : ZG. then AD — DG. 


Prop. 34: If line BA of triangle ABG be extended from A to E, line BG 
bisected at Z, and line AG divided at D such that BE : EA — GD : DA. then 
E, D, Z are collinear. 


Prop. 35: Through point D outside line AB let the lines ED and DZ 
be drawn both parallel to line AB, then EDZ is a straight line. 


Prop. 36: From point E let the lines EZ and ED be drawn cutting the 
lines AB, AG, AD respectively in Z, T, L'and in B,G, D, and let EZ : ZT = 
EL : LT, then EB : BG = ED : DG. 


Prop. 47: In the right-angled triangle ABG, with angle BAG right, let the 
lines AD and AE be drawn such that angle DAE is equal to angle ABG, and 
from point B let the perpendicular BZ to AE [cutting AD in T]be drawn and 
extended to H on AG. Then DA‘AT + GB-BD — HB-BT + GA‘AH: and 
stcondly GB-BD + GA:AH — AB* DAT + GB.BD — HB.BT + GAAH, 


Prop. 38 (1): Let the lines AB, AG, AD be of equal length and DG,GB, 
BD be joined. then + GBA + +GDB — 90°. 


(2): Moreover, if AB — AG and +GBA + <GDB — 900, then the 
lines AB, AG, AD are of equal length. 


(3): Also, if AD — AB and + GBA + + GDB — 90e, then the lines 
AD, AG, AB are of equal length. 


(4): Finally, if AD = AG and + GBA + +GDB = 900, then the lines 
AD, AG, AB are of equal length. 


Prop. 39: If in triangle ABG line AD is drawn meeting BG in D such 
that angle DAG is equal to angle ABG, then 


BG : GD = BG: : GA* = BA: : AD*. 
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Prop. 20: If in the isosceles triangle ABG, with AB equal to AG, lines 
AE and AD be drawn, meeting BG at E and D such that BD.DG: DA? = 
GE-EB : EA, then DA — AE. 


Prop. 21: Let in triangle ABG angle BAG be bisected by line AD, 
meeting BG at D, then (BA + AG): GB = AB : BD. 


Prop. 22: Let from triangle ABG AB be extended to D and AG to E, 
let DH be drawn parallel to EB and EZ parallel to DG, then ZH will be 
parallel to BG. 


Prop et in triangle ABG AD be equal to BE and AZ equal to GH, 
let GE, GD, BZ, BH be joined, GE and BZ intersecting in W and GD and 
BH in S. If AS and AW be joined and extended meeting BG in T and Y, then 
BT is equal to GY. 


Prop.24: Let angle AGB in the right-angled triangle ABG, with angle 
ABG right, be bisected by line GD, and angle DAE be equal either to angle 
AGD or angle BGD, then GD > GE. 


Prop. 25: Let angle AGB in the right-angled triange ABG, with angle 
ABG right, be divided by line GD such that angle BGD is twice angle DGA, 
then BG- GA > GD?. 


Prop. 26: Let in the semicirele with diameter AD are AB be equal to 
are BG. let GD be joined, and BE be draw perpendicular to AD, then 
GD < ED. 

Prop. 27: If in triangle ABG BG be bisected at D and AD be joined. 
If from B an arbitrary line be drawn cutting AD in Z and AG in E, and GZ 
be joined and extended to H on AB, then, if HE be joined. it is parallel to BG. 


Prop. 28: If in the circle-segment standing on line BG are BG be 
bisected at A, E be taken on the extension of BG, and AG and AE cutting 
the segment at D be joined, then EA:AD — AG. 


Prop. 29: If through two cireles intersecting in À and D, an arbitrary 
line be drawn eutting one circle in Z and H and the other in B and E, and 
ZA, AB, ED, DH be joined. then + ZAB — + EDH. 


Secondly, if HD and ZA be extended to K and T on circle ABED, and 
BK and ET be joined intersecting in L, then BL = LE. 


Prop. 30: If from triangle ABG with angle BAG right, BA be extended 
to D, and from D, DE be drawn perpendicular to BG eutting AG in Z, 
then BD- DA = GZZA + ZD*, 


Conversely: 1f BD-DA = GZ-ZA + ZD°, then + DEB — 90 
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Prop. 6: If BG is the diameter of a semicirele, and the chorde AG, 
BD meet in Z, and if BA, GD be drawn meeting in E. then BD-DZ=GD-DE. 


Prop. 7: Let BG be the diameter of a semicircle, and the chords AG, 
BD meet in Y. Take Z on BD and E on AG su that BD : DY — DZ* and 
GA'AY — AE*, and let EB, ZG be joined meeting io H. then ZH — HE. 


Prop. 8: Inthe equilateral triangle ABG the heights AZ, BD, GE are 
of equal length. 


Prop. 9: Let ABG be an equilateral triangle, and AD its height. Let 
from a point E on BD the perpendieulars EZ and EH be drawn to the sides 
GA and AB, then AD — EZ + EH. 


Prop. 10: Let ABG be an equilateral triangle, and AD its height. Let 
from an interior point E the perpendiculars to the sides EZ, EH, ET be drawn, 
then AD = EZ + EH + ET, 


Prop. 11: If in triangle ABG the line AD be drawn mecting BG at D 
such that angle BAD be equal to angle AGD. then GB-BD — AB? 


Prop. 12: Let in triangle ABG, with AB equal to AG, AD be drawn 
perpendicular to AB meeting the extension of BG in D, If AB be bisected 
at E and ED be joined eutting AG at Z. and if through Z, HZ be drawn par- 
allel to AB, then DA'AH — AG, 


Prop. 13: If in triangle ABG, with AB equal to AG, AD be drawn 
perpendicular to BG, then 2 DG-GB — AG#, 


Prop. 14: If in triangle ABG the perpeudicular AD t6 BG be drawn. 
then BD' — DG? — BA? — AG?. 


Prop. 15: Let line AB be equal to line AG and line BD equal to line 
DG, and let both angles BAG and BDG be right, then +ABD = +AGD. 


Prop. 16: Let À be the right angle of the right-angled triangle ABG. 
BG be bisected at D and AD be joined, then BD — DG — DA. 


Prop. 17: Let in the right-angled triangle ABG, with angle BAG right. on 
the extension of AG a point D be taken, from which DE is drawn perpen- 
dicular to BG and cutting AB at Z. Let GZ be joined and on it H be taken 
such that BH° = AB-BZ and let DH be joined, then DH* — DE-ZD. 


Prop. 18: Let the lines AB and BG meet at B, and on AB point D be 
taken, such that AB* — AD: + BG2, Let DG be joined and bisected at E, 
and AE be joined, then + DAE — + DGB. 


Prop. 19: If in the isosceles triangle ABG, with AB equal to AG, an 
arbitrary line AD be drawn eutting BG at D, then BD-DG + DA: — AG* 
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manuscript 2468,29 (fol. 141r- 144v) [Sezgin, p. 135]. An Arabie edition of 
the latter together with Bankipore 2468,28 (fol. 134v - 141r, Kitdb Arshimidis 
Jéldawg'ir al.mutamassa, has been published by the Osmania Oriental 
Publications Bureau (Hyderabad-Dn.. 1947). 


In the Aya Sofia manuseript the date of copying is given as ca, A.D. 
1230,mentioning as place of copying,sometimes Damaseus, sometimes Marägha. 
Atthe end ofthe Bankipore manuscript the date of its composition is indicated 
as À. D. 1027/1028. In the present copy some of the treatises are dated 
Mosul A. D. 1234/35. Thus the present copies of both treatises date from 
the same period, Both are written in Naskhï., The mathematical quality of 
the treatise is higher in the Aya Sofia manuscript than in the Bankipore 
manuseript. 


The reasons for accepting the title Kitab al-mafridat and Agâtun as 
its author are laid down in Chapter I of the thesis. 


The Contents [ Thesis, Chapter III] 

Prop.l: If the base BG of the circle-segment ABG be extended in either 
direction with pieces of equal length, and from the endpoints D and E the 
tangents EZ and DH be drawn to the segment, then the line ZH connecting 
the tangential points is parallel to the line ED. 

Prop. 2: Assume the two lines DB and DG are tangents to a circle. 
Let the chord BG connecting the tangential points be extended to E, and 
let from E a third tangent be drawn, touching at A and meeting DC in Z 
and BD in T, then TE : EZ = TA : AZ. 


Prop. 3: Assame the two lines EG and ED are tangents to a circle, 
while EB euts it at H and B. Let DA be the chord through D parallel to EB, 
and let AG meet BH in Z, Then BZ — ZH. 


Remark: There is no drawing in the Aya Sofia mauuscript as the room 
left open for this purpose is too little. Later I discovered that 
the drawing had been made on a laose leaflet which lies now. on 
the microfilm, between fol. 87v and fol. 88r. 


Prop. 4: Let ABG be an isosceles triangle and AD the perpendicular 
to the base BG. Assume on AB the points Z, E such that BD? — BE'BZ. 
Let ZD be joined, ZH be drawn parallel to BG, and EH be joined, then 
<EHG — 2 +AZD. 

Prop. 5: If AG is the diameter of a semicircle and B the middle of the 
are AG; let from D, on the extension of AG, DE be joined eutting the circle 
at Y. If YE = EB and from the center Z, ZE be drawn until it meets the 
extension of AB in H, then AH : HB — DZ :ZB. 


Some Remarks on the 


“Book of Assumptions by Aqatun” 


Yvonne Doip-SamrLonius* 


Introduction and Conclusion 


The treatise Kitab al-mafradat li Aqätun (Book of Assumptions by 
Agâtun) bas been treated in full in my doctoral thesis (Amsterdam, 1977), 
The present paper contains an abstract of this the: 
tents of the treatise, i.e. propositions only without either proofs or drawings, 
along with some remarks describing the manuseript and pointing out several 
inlluences. In addition the questions of the original Greek title and putative 
Greek name of the author are extensively discussed, The offered solution is, 
however, too vague to have been included in the thesis, 


My conclusion is that the treatise contains interesting propositions, 
but no sensational theorems. Some propositions deal with fundamental prop- 
urties of triangles, some go in the direction of trigonometry, others could 
be connected with optics. The author, Aqätun seems to have been a man 
with a good knowledge of the mathematical literature, judging from the 
different influences on his tréatise [Thesis, Chapter IV]. He may have lived 
around the same time as Pappus: on the one hand Aqätun gives two con- 
verses to a lemma by Pappus (prop. 41), on the other hand both Pappus and 
Aqätuu prove a lemma related to Apollonius’ Conies (prop. 27) and a lemma 
connected with Euclid’s Porisms (prop. 22); these proofs by Agätun and 
Pappus are similar but not identical. The treatise was still of value and 
interest to Arabic mathematicians in the thirteenth century, according to the 
extensive marginal notes. Yet the sphere of influence apparently was not 
very large. 


Description of the Manuscript [ Thesis, Chapter 1] 

The treatise “Book of Assumptions by Aqätun”, Kitäb al-mafrüdat 
li Agôtun, is contained in the Istanbul manuscript Aya Sofia 4830,5 (fol. 
89v_102v) [Krause, p. 439]. Ît consists of 43 propositions dealing with plane 
gcometry. Nineteen propositions, all from the first half, form a separate treat- 
ise entitled “Book by Archimedes on the Elements of Geometry”, Kitab 
Arshimidis flusäl alhandasiya. This is contained in tbe Bankipore 
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est égal au rapport de la base BA à la base TD, suivant la quantité qui rend 
BA égal à deux, alors TD est cinq, car il est égal à deux fois et demie celui- 
ci; on a done le trapèze CDTIQ cinq parties de onze parties du grand carré, 
Puisque le rapport du triangle AXZ, qui est égal au rectangle WJ, au triangle 
CQ, est égal au rapport de la base XZ à la base QY, qui est deux et demi,! 
le triangle CQW & / est done deux fois et demie AXZ, et leur somme est 
trois fois et demie le rectangle WJ. 


Puisque le rectangle AW est composé du produit du côté du grand 
carré par les deux parties de AX, dont l’une est une fois et demie BJ et l’autre 
est trois fois et demie IPS, et que ceci est égal à la somme des deux triangles 
plus le trapèze C(ZA, si donc on sépare les deux triangles de la surface AU, 
cela revient à en séparer Ja surface < obtenue > du côté du grand carré par 
trois fois et demie WS. On a done le trapère COZA égal au produit du côté 
du grand carré par une fois et demie BJ. On a done le trapèze C(2ZA une fois 
et demie la surface BS, sait la surface AZAB; suivant la quantité qui rend 
le trapèze / CDTIQ égal à cinq, il reste la surface QTIAZ égale à un, Elle 
est donc un, ce qui est cherché. 


On attend de la générosité du Seigneur Bienfaiteur — que Dieu perpétue 
son Eminence — qu'il examine et médite cette proposition, et pardonne les 
petites négligences, seulement si elles ont lieu dans certains de ses caleuls 
particuliers. 


S'il rencontre une erreur dans certaines de ses démonstrations, qu'il 
nous avertisse, cela sera utile à la question qu'il pose, car nous aurions été 
aveuglé par la multiplicité des prémisses, et par le mélange des prémisses 
géométriques à l’arithmétique: et qu'il ne blâme pas la longueur excessive 
de ces prémisses, car atteindre Æ l’objet d’une recherche démonstrative, 
par la multiplicité des prémisses et des propositions intermédiaires, tout 
en se préservant de l'erreur, si on s'en préserve. cela se fera par l'habitude 
et par l'exercice. Et j'indique qu’atteindre le but daus les sciences théoriques 
augmente nécessairement Îles prémisses de leurs démonstrations, et leurs 
propositions intermédiaires, Ce sont là les plus grands enseignements des 
sciences mathématiques. 


Certes, j'ai évité de m'étendre sur les prémisses des démonstrations 
de cette proposition. bien qu’elles soient véritablement nécessaires pour 
mener avec profit au résultat cherché. 


Si par la suite le Seigneur Bienfaiteur en exprime le désir, j’exposerai 
les différentes méthodes à son éminent jugement critique, si Dieu le veut. 


Que la paix soit. 


1. Littéralement: deux fois plus an demi. 
2. Littéralement: si cela est. 
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est le carré de RS, et la surface RV est trois quarts de ce carré, Mais comme 
on a séparé $0 égal à cinq plus vingt-cinq cinquante cinquièmes | d'unité, 
ilreste de dix entiers 0J égal à quatre plus trente cinquante cinquièmes, 


Le rectangle W.J tout entier est égal au carré de RS, qui est la surface 
KW plus les trois quarts de son carré, qui est la surface RV plus une surface 
dont la mesure est deux plus mille quatre cent cinquante trois mille vingt 
cinquièmes d'unité, qui est la surface VO et une surface dont un côté est RS 


et l'autre côté est quatre plus trente cinquante cinquièmes d'unité, qui est 
la surface OA restante. 


Puisque la surface WX est le produit de AW par AX et que AW est 
égal à BA qui est un plus neuf parties de onze parties d'unité, augmenté 
de SW, soit RS, et que le côté AX est une fois et demie BJ plus trois fois et 
demie RS, alors, par la démonstration des propositions du Livre 11 d'Euclide, 
on a le produit de AW par AX égal à la surface AX par AS plus la surface 
AX par WS, Puisque l'une des deux parties de AX est une fois et demie AS, 
et que l’autre partie est trois fois et demie SW, la surface AX par AS est égale 
à la somme des deux surfaces, dont l'une est trois demies du carré de AS qui 
est un plus neuf parties de onze parties, et sa mesure est donc quatre plus 
deux mille neuf cent trois mille vingt cinquièmes; l'autre surface est trois 
fois et demie RS par AS, qui est une surface dont l'un des deux côtés est RS, 
et l'autre est six plus vingt-cinq cinquante cinquièmes. 


Quant à la surface AX par RS, elle se décompose également en les pro- 
duits des deux parties de AX par RSI, soit en le produit de deux plus huit 
parties de onze parties d'unité par RS — on obtient done une surface dont 
un côté est RS, et l'autre est deux plus huit parties de onze parties d'unité; 
et en la surface de RS par trois fois et demie lui-même, — on obtient trois 
carrés } de RS plus la moitié de son carré. 


On obtient donc de toutes les parties de WX une surface dont la mesure 
est quatre plus deux mille neuf cents trois mille vingt cinquièmes, plus deux 
autres surfaces dont la somme est une surface dont l’un des côtés est RS, 
et l'autre côté le double de quatre plus trente cinquante cinquièmes d'unité, 
plus trois carrés de RS et la moitié de son carré. Si on additionne le tout, on 
a la moitié égale aux parties du rectangle W.J. Puisque si de la surface WB. 
on sépare le rectangle WJ, il reste le rectangle SB, et si on en sépare le triangle 
AWZ, il reste le trapèze AZAB, on a alors le rectangle SB égal au trapèze 
AZAB. Puisque BJ est un plus neuf parties de onze parties, et que sa moitié 
est dix parties de onze parties d'unité, et que si on divise les dix en onze parties, 
chaque partie sera dix parties de onze parties d'unité, alors BJ est deux parties 
de onze parties de BD, qui est dix, et la surface BS à la surface BC est dans 
le même rapport; alors le trapèze AZAB est deux parties de onze parties 
du carré A BCD ; mais puisque le rapport du trapèze AZAB au trapèze CDTIQ 
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abaissons la perpendiculaire UQ et marquons le point Z sur UQ - peu importe 
où il se trouve — et posons 2T égal à une fois plus un tiers (Z. et joignons 
TS; menons de Z la droite ZR parallèlement à elle. Posons SW égal à 
SR. Menons WA parallèle à AB, Posons ensuite DIT deux fois et de- 
mie BA. Menons [\ parallèle à AB. Posons AX une fois et demie BJ, 
augmenté de trois fois ét demie JA. Menons XY° et menons ensuite AZ, 
C2: Je dis alors que le carré a été divisé de la manière cherchée, c'est-à-dire 
que le trapèze A BZ A est deux fois la surface ZQTTA, le trapère AZQ Cest son 


quintuple, et le trapèze CDTIQ est son triple. 


Démonstration: 


Puisque BT est dix fois BE. et que le rapport de DB à BF est égal au 
rapport de 1B à BE, on a done DE dix fois BF, on l'appelle alors l'unité. 
Puisque GB est 55 fois BY/, et GH 45 fois celui-ci, on a le rapport de GB 
à GH égal au rapport de 55 à 45.et le rapport de BF à FG est égal au rapport 
de 55 à 45, 


On a done FJ égal à neuf parties, étant donné FB, l'unité, onze parties. 
Puisque MJ est le double de FB, et que ZJ est 3025 fois JO, et que l'est 
725 fois celui-ci, et que le rapport de NM à MJ est égal au rapport de FE à ZJ, 
on a NM 725 parties, suivant la quantité qui rend MJ égal à 3025. Mais <MJ> 
est le double de FB; on a alors NM égal à 1450, suivant la quantité qui rend 
FB égal à 3025. 


Mais on a indiqué que JF est une fois plus trois quarts BF, l'unité. Donc 
la surface JN par JL est la surface de MJ qui est deux plus MIN qui est 
mille quatre cent cinquante trois mille vingt cinquièmes d'unité, par JL 
qui est un plus trois-quarts; sa mesure est donc 4 plus mille vingt-cinq trois 
mille vingt cinquièmes d'unité, qui est la mesure du carré de KJ, car le produit 
de NJ par JL est égal au carré de KJ. Puisque SP est le double de KJ'et que 
UQ est la moitié de SP, on a UQ B égale KJ, et leurs carrés sont égaux. Le 
carré de KJ est égal à SQ par 00; on a donc la mesure de la surface SQ par 
Q0 4 plus mille vingt-cinq trois mille vingt cinquièmes d'unité. Puisque (= 
est trois suivant la quantité qui rend ZT égal à quatre, et que le rapport 
de SR à KQ est le même, on a donc RQ trois septièmes de QS, et RS est ses 
quatre septièmes. On a donc la surface 0Q par RS quatre septièmes de 0Q 
par OS. dont on a rappelé la mesure: et la surface 0Q par RS est la surface 
OV, car QV' est égal à SW et SW égale SR. donc la surface OV est deux plus 
mille quatre cent cinquante trois mille vingt cinquièmes, et la surface RW 


À. Littéralement: 1450 de 3025 de l'unité, férmulation diffcilement intelligible eu français, Nov 
avons adopté, dans ec cas comme dans les antres semblables, des traductions équivalentes à cells 
donnée ci-dessus, quitte à changer les chiffres en mots, 
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Traduction 


Au nom de Dieu Clément et Miséricordieux. Grâces lui soient rendues, 
et bénédiction à Muhammed son prophète, et à toute sa famille, 


Problème posé par Shams al-Din, Prince des Princes de al-Nizämiy- 
ya, au très illustre et unique Imäm, Sharaf al-Din. gloire de l'Islam, figure de 
l'Histoire,’ Muzafar bin Muhammed al-Muzafar al-Tüsi, que Dieu perpé- 
tue sa réussite. 

Dans la ville de Hamadän, l’année six cent six de l'Hégire. 


Au sujet d'un carré dont chacun des côtés est connu, et qu’on veut 
partager en quatre surfaces. L'une, au milieu, est un rectangle, et trois tra- 
pèzes l'entourent de trois côtés, de sorte que les quatre surfaces sont les unes 
aux autres dans un rapport donné connu. Que le côté du carré et Le rapport 
des surfaces soit déterminé: disons que chacun des côtés du carré soit dix: 
ce qu’on cherche est que le rectangle qui est au milieu soit la moitié du trapèze 
qui est sur l'un de ses côtés, que le trapèze qui est au-dessus de lui soit son 
triple, et que le trapèze qui est sur l'autre côté soit son quintuple. 


Exemple: le carré ABCD a des côtés égaux, et le côté AB est dix, et 
un veut la construction indiquée. 


Prolongeons le côté AB jusqu'à un point Æ quelconque, et ajoutons 
à la droite BE neuf fois elle-même: on a done la droite BI dix fois la droite 
BE. Joignons 1D, et menons du point E la droite EF, parallèle à 1D. On mar- 
que un point Ÿ sur la droite BE — peu importe où se trouve Y. 


Posons YG 54 fois BY, et GH 45 fois BY; joignons GF/. Menons du 
point Hune droite parallèle à la droite CF. qui est la droite H.J. Menons ensuite 
du point J la droite JS, parallèle à AB, et prolongeons SJ jusqu'au point L, 
de sorte que la droite JL soit égale à BF plus ses trois-quarts. 

Posous JM deux fois BF, et marquons ensuite le point (1; posous la 
droite OZ 3024 fois la droite JE, et posons ensuite la droite I 725 fois 
la droite JO, 


Joignons la droite ZM. et menons la droite TN parallèle à celle-ci. 
Tragons sur le diamètre NL un demi-cercle, et posons ensuite la droite SO 
cinq fois plus cinq parties de onze B parties de la droite BF. Puisque le diamè- 
tre SO est plus grand que le diamètre NL, on peut done mener du point S 
dans le cercle SO une corde, SP, égale au double de KJ. 


Partageons l'arc SP en deux parties égales, au point U. Du point [! 


1. Littéralement: preuve du temps. 
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dans ce type de problèmes de construction géométrique à la règle et au compas, 
mais traité par un algébriste, deux traductions successives: une traduction 
algébrique du problème géométrique, qui ramène à une équation algébrique: 
une traduction géométrique du problème algébrique, destinée à répondre 
au problème initial par une construction (l'intersection d’un cerele et d'une 
droite). 


Cette notable différence entre la solution des problèmes de construction 
géométrique traités par les algébristes, et l'étude des mêmes problèmes par 
les géomètres — le célèbre problème de la trisection de l'angle, par exemple — 
tient à cette double traduction. Elle n'exprime pas seulement de nouveaux 
rapports entre algèbre et géométrie, mais encore elle infléchit le sens même 
du terme d'analyse dans un débat célèbre sur l'analyse et la synthèse. 


Mais une telle démarche n'apparaît pas pour la première fois chez al- 
Tüst; elle est déjà suivie par ses prédécesseurs, al-Khayyäm par exemple, 
pour traiter de problèmes plus difficiles que celui d'al-Tüsi, comme la division 
d'un quart de cerele en deux parties en un point, sous certaines conditions; 
ceci fera l'objet d'une prochaine étude. 


Préface à la Traduction 


Le texte que nous présentons ainsi que sa traduction a été établi à partir 


de deux manuscrits: 
1: Smith MS. Or. 47, Columbia University, pp. 29-35. Vraisemblablement 
copié au XIIème siècle. 


2. Leiden Or, 14, #. 3237 — 326%. Copié au XVIème siècle à la demande 
de Golins. Voir le catalogue de Dozy. 


Les deux textes renvoient au même archétype pour les raisons suivantes: 


(1) Sur 116 accidents, on en trouve seulement 3 dans le manuscrit de 
Columbia qui ne soient pas dans le manuserit de Leiden, la réciproque n'est 
pas vraie: des dizaines d'accidents figurent simplement dans ce dernier. 


(2) T1 manque au manuscrit de Leiden cinq mots que l'on trouve tous 
dans le manuscrit de Columbia: tandis qu'il manque à ce dernier un seul 
mot qui figure dans le premier. 

(3) Ce qu'il faut ajouter pour établir le sens du texte est nécessaire dans 
les deux cas. 


Enfin, plusieurs accidents sont provoqués par l'usage d’une même lettre 
pour désigner deux points différents de la figure géométrique. 


Nous avons indiqué les pages du manuscrit de Columbia par /et celles 
du manuscrit de Leiden par W 
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Mais pour achever l'analyse, il faut encore pouvoir placer la droite 
8 Il est done nécessaire de procéder à une deuxième construction pour ob- 
tenir un segment de longueur l telle que 
525 
Fes 

ne 


On détermine alors ! comme moyenne géométrique entre les deux longueurs 
ll telles que: 
525 
LATA mm , Let l,rationnels. 


AI:Tüsi fait pour 4, et L le choix suivant: 


L6e Ts T- CE LE 


300 
4 P1 


On retrace le cercle de diamètre LN et on abtient le segment JK de longueur 
Len utilisant la puissance du point J par rapport au cercle. 


L J N 


Telle est, nous semble-t-il, la voie de l'analyse qu'a suivie al-Tüsï. Elle 
nous permet de comprendre comment il a choisi les valeurs numériques par- 
ticulières rencontrées dans la synthèse du problème, ainsi que les étapes suc- 
cessives de cette synthèse. On saisit en effet les raisons des différentes cons. 
tructions et on comprend l’ordre de leur enchaînement. 


Rien dans cette analyse ne pent surprendre: les notions et les techni- 
ques auxquelles elle fait appel sont parmi les plus élémentaires rencontrées 
dans son Traité sur les Equations. 


Ainsi, après avoir tout d'abord suivi la voie d’une analyse algébrique 
pour étudier les inconnues x, ÿ, =, {, il procède par une technique partout 
ütilisée dans son Traité: les exprimer toutes au moyen des transformations 
affines d’une seule inconnue w. La traduction par des constructions géomé- 
triques des éléments de l'analyse algébrique donne ensuite la solution du 
problème géométrique posé. 


Si l'hypothèse que nous venons de développer est juste, on rencontre 
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d'où Fe ST es 


D'autre part 


d'où 


Il est donc clair que la solution du problème revient à le détermination de u, 


100 100 407 8 7 100 
Se > 2 © 2-35") = 
_ Ts“ 60,7 525 1 

dù Gomme emra<g}i 

d'où TT, 60— V375 


FA 


On a done retrouvé par l'analyse précédente la plupart des valeurs 
numériques d’al.Tüsi. Mais la résolution algébrique de l'équation du second 
degré obtenue conduit à un nombre irrationnel, et ne pouvait par conséquent 
constituer une réponse au problème de construction posé. L'analyse exige 
done que l’on détermine les deux racines de l'équation par des moyens pour 
ainsi dire constractifs; l'intersection d'un demi-cercle et d'une droite. Le cercle 


a nécessairement pour diamètre un segment S0 de longueur g (somme des 

racines) et la droite ÿ doit être telle que sa distance à la droite SO ait pour 
= 

carré s fercdnir dés racines]. 


Mais ai l'on tient compte de là condition + ü< 5 , on constaté que seule lé 


racine QS convient pour le problème. 
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Seul.il est vrai, l'examen de la voie de l'analyse suivie par al-Tüisi peut 
éclairer les raisons de ce choix et de cet enchaînement. Et de fait la lecture 
de la conclusion de sa réponse est convaincante: le mathématicien y recon- 
nait l'importance de l'analyse, particulièrement dans ce type de problèmes 
arithmético-géométriques; il y justifié son silence par des raisons de circon- 
stances, à savoir la recherche délibérée de la brièveté dans sa currespondance. 


AÏLTüsi considère en effet que l'analyse est nécessaire pour parvenir 
au résultat cherché et. plus généralement, qu’elle seule produit “les plus 
grands enseignements dans les sciences mathématiques”. Aussi déclare-t-il 
à son correspondant que, bien qu'il passe outre et n’expose pas cette analyse, 
il se tient à sa disposition pour la lui communiquer, s’il en exprime le désir. 


Pour nous, cependant, le résultat est le même: le texte ne nous offre au- 
eune information sur l'analyse suivie par le mathématicien. 11 ne nous reste 
qu'à tenter de reconstituer cette analyse à l'aide des seules notions en pos- 
session du mathématicien. Reprenons done le problème d'al-Tüsi et posons: 

S, — le rectangle ZQ ATT 
letrapèze AB0Z 
S, = letrapère  CDTIQ 
Si=letrapèze  AZQC 
tels que Sr RRS md. 
Posons AT=x ; AZ=Y, TID=: , 4AB=t. 
On a immédiatement: 


Le nt4 BCD) = 


8, = (ABC D) + S(B,J,5,4) 


2 20 
ve pi= 4 Bn2 0 
sis  pn- Ba. 
Soit J'A = u, une inconnue auxiliaire, on a 


20 
= te 


10—1—: 


0H 004% _ y, 
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On a done (WP,J) = (FX) —(4, F, 2). 


Mais (W.B)—(W.J) —(BS) 


l'où (B,S) = (B,A.,Z.A), 
F (PB) — (A2 = (B,4,7,4) | doù (ES) — (BA ZA) 


Mais (BS) = (4B.C.D), 


d'où (8. A, Z. A)= à (4. B. C.D). 
D'autre part les trapères (B, À,Z, 4) et (D, C. Q; [) ont des bases 
égales et leurs hauteurs BA et DIT sont dans le rapport À: 


Donc (D, C, Q; IT) — Ê (4,8, C.D). 


Ona  (4,2,Q,0C) (4) —[(4. X. 2) + (C. Q.w)] 
Mais (C. Q.w) = £ AX 2, 
d'où 420.0 = (4-77. 
= ACAX — LACS 
=ac(as+ Tws_? ms) }ACAS 


3 3 
- }&s5-f 480. 
Finalement, si on retranche du carré (4, B. C, D) les trois trapèzes, il 
reste le rectangle (Q IT: 4, Z) qui est done 7 de(4. B. C. D). 


L'exposé d'al-Tüsi, ainsi que le montre le précédent résumé, est stric- 
tement synthétique. À aueun moment, ou presque,! le mathématicien ne 
dévoile les raisons pour lesquelles il a choisi les valeurs numériques partitu- 
lières des différentes constructions. Il nexplique pas davantage l'ordre d’en- 
chaînement de ces constructions, 


1. Ou à Si = y (4. BC, D). On a également dès le départ le point J défi par BJ = ;7BD, 


2 
et tel que le rectangle (AJ) soit Les 37 du carré: done (4.7) est égal nu trapèze 5, cherché. 
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Ÿ = j = 2. 
d'où IN = JM + MN = 55 BF. 


Mais JNJL = JK?, puissance de J par rapport au cercle de diamè- 
tre 


On a JK* 


Mais comme SP = 2KJ, U est le milieu de SP. UQ 1 S0, l'égalité des trian- 
ales rectangles Sa@ et UeQ dome VO = S@= +-SPd'ouUQ =KJ 


On a 50-00 — UQ* puissance de Q par rapport au cercle de diamè- 
tre S0, 
525 


d'où SQ-00 = BF:, 


D'après la construction de R, on a 


RQ = Los æ RS— + os. 

Sté ms 42828 BR 
d'où oors= + BF 

Mais OQRS — 0Q.QV = (0.V) 
eur QV = SW = SR, 
d'où (0.) =+. F BF. 

On a  (WJ)= (MR) + (RP) + (V,0) + (0,4) 
et (0.4) = OJJA — OJRS avec OJ = FT BF, 
» Lys x Ses Spa, 5 
d'où cn = Rs E RS + + BP ET BERS 


D'autre part on a 


(FX) = AXAW = (5 AS + D WS)(AS + WS) 


= SAS +5 ASS e- + TS 
3 20 3 20 LE 
= BF) +5SBERS + RS 
600 & 


sp MU BRRS + 3 RS = 2(W,1) 


UN PROBLEME DE SHARAF AL-DIN 235 
Teaçons ÊM @& CN EM , NoxJS. 
Posons S0 — 5 BF4+ À BF — DB. 


Traçons le demi-cerele de diamètre S0 et menons de S dans ce demi- 
cercle une corde SP égale à 2 JK, ce qui est possible car SO > LN. 
Soit U le milieu de SP , UQ | S0. 
Soit arbitraire sur UQ et T' tels que 
ET=(14+)0E avec Z et Teur QU. 


Traçons TS et ZR//TS , R sur SO. Plaçons WP sur AC tel 
que SW = SR De W menons WA//AB , À sur BD. 
1 

Soit TT sur BD telque: DIT —(2+3) BA. Par [1 on mène 
TA//AB , Asur AC. 

Soit X sur AB tel que: 

3 1 
AX = 5 BJ+(3+%)JA 

et XW// BD , Wsur CD. 


Soit Z l'intersection de AW et XW et Q l'intersection de XY et 
AT , on a 


le rectangle ZQ AIT 


letrapère  ABZA tel que (4.B,Z,A) = 2(Z,Q,AT) 
letrapèze  AZQC telque (4,2,Q,0) = 5 (Z.Q. A.) 
le trapèze  CDTIQ telque (C.D.ITQ) = 3 (Z.Q. AT) 
Démonstration : 
BF est l'unité. 
La construction de J donne 9 = 1 


“ 9 _ 2 
d'où FJ=;TBF ; BJ= BF. 


La construction de M demne MN = 725 My = 1450 


3025 as PF: 
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S=2S, + S,—58, ,; 8,35, 


B LI 
Figure 1 


11 s’agit done d'un problème de construction géométrique à l'aide de la règle 
et du compas. On peut penser, au premier abord, que ce problème de cons- 
truction est totalement indépendant des réalisations algébriques d'al-Tüsï, 
telles qu'il les expose dans son Traité sur les Equations, et cette impression 
peut se trouver corroborée par l'exposé purement synthétique du mathéma- 
ticien, 


Toute la question est de savoir dans quelle mesure et en quel sens les 
notions et les instruments d'al-Tüsï algébriste ont pu trouver leur rôle dans 
l'étude d'un problème somme toute traditionnel, et, qui plus est, de circons- 
tance, Seule une réponse à cette question permettra à l'historien qui ne se 
contente pas d'une simple description de classer ce mémoire dans l'oeuvre 
d'al-Tüsï. Mais avant d'esquisser cette réponse, résumons d’abord la solution 
d'al-Tüsï, en évitant, autant que possible, de nous écarter de son texte et de 
son style. 


Soit ABCD un carré tel que AB = 10, E un point arbitraire sur AB 
[voir figure 2]. 


On construit L'tel que: B 


1 
Fsur BD. Ona BF = 


10 BE. Joïgnons ID et de Emenons EF /{ 1D. 
B, d'où BF — 1. 


Soit Y'un point arbitraire sur BE, © et H tels que YG — 54 BY, 
GH= 45 BY. Joigoons GF et menons HJ/IGF. On à BJ — 1 BFou 
BJ = jy BD. Soit 6 arbitraire sur BD. 2 et l°tele que: 

ES =30%4J0 et l'E = 725 JO. 


Un problème arithmético-géométrique de 


‘Sharaf al-Din al-Tusi 
Rosapt Rasmen* 


L'œnvre strictement mathématique qui nous est parvenue de Sharaf 
al-Din al-Tüsï! se compose d'un Traité sur les Equations et de deux mémoires. 
Le Traité, nous l'avons montré ailleurs? est l'un des ouvrages les plus impor- 
tants dans l’histoire de l'algèbre classique: on pense y reconnaître les débute 
de la géométrie algébrique. 


Des deux mémoires, le premier, consacré à l'étude de l'asymptote à 
une branche d'une hyperbole équilatère, se révèle être une proposition de 
son précédent Traité. Nous considérons ailleurs sa situation dans un elasse- 
ment de l'œuvre du mathématicien. 


Dans le deuxième mémoire, que nous présentons ici, al-Tüsi étudie 
un problème arithmético-géométrique. Oeuvre de circonstance - il s'agit d'une 
réponse à une question posée par le Directeur de la célèbre école de Bagdad: 
al.Nizämiyya -, c’est là le dernier écrit mathématique d'al.Tüsi. D'Hamadän — 
l'ancienne Ecbatane — al-Tüsï expédiait à son correspondant la réponse à la 
question que vaic 


Soit ABCD un carré tel que AB — 10. On veut décomposer ce carré 
en quatre surfaces 5, S,, S,, S,, telles que: 


S$, soit un rectangle dont un eôté est porté par BD. 


5, S, S, soient des trapèzes obtenus en joignant les deux autres 
sommets du rectangle aux points À et C. 


Soient S, le trapère de base AB. S, le trapèze de base DC et 8, le 
trapèze de base AC. On veut aussi: 


"CNRS, Paris. 
L. Sur l'ocuvre de Sharaf al-Din al/Tüsi, voir nos études: 
“Résolution des Equations numériques et Algèbre, Sharaf al-Din al'Tüst, Vière". Archive 
far Hisiory of Exact Sciences, 13 (1974), 244-290. 
“Recommencements de l'Algèbre aux XIème et X{lème Siècles®” dans J. E. Murdoch and 
E. D. Sylla, The Cultural Comext of Medieval Learning (Dordrecht, Reidel, 1975), pp. 33-60. 
“L'Extraction de In Racine nième et l'Invention des Fractious Décimales (XIème - X [ème 
Siècles)"", Archive for History of Exact Sciences, 18(1978), 191-243, et partienlièrement les pages 208-213. 
Voir également l'article Tüst, Sharaf al-Din’”, par A. Anbouba, in Dictionary of Scientific 
raphy (New York. Scribner's, 1970-1976). 
2. Voir notre édition critique de ce Traité et sa traduction française, à paraître. 
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